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EXECUTIVE SUMMARY 

The Airway Facilities (AF) organization of the Federal Aviation Administration (FAA) is 
responsible for the maintenance of all facilities, systems, and services involved in the contro! 
or aircraft using the National Airspace System (NAS). New technologies and approaches for 
the enhancement of AF maintenance are of interest to FAA management. Artificial 
Intelligence (AI) technologies provide alternatives for enhancing the reliability and integrity 
of the maintenance, monitoring, and control services provided by the FAA. 

The purpose of this study was (0: 

Determine the applicability or Al technologies tor maintenance, monitoring, anda. 
control. 

b Recommend the means by which AI can augment required personnel skills,

Identify the AI technologies suitable to these tasks 

This report is the tinal product of a study to identify AI appiications for AF. The scope ot
the study was restricted to the maintenance. monitoring. and control operations of the FAA 

There were IO AI technologies identified and studied for application to AF maintenance. 
Five types of equipment were investigated and 24 potential expert system (ES) applications 
were identified. All 24 ESs were judged to be possible, appropriate, and justified. Included 
among the applications is the potential use of AI for PC-based training for FAA technicians. 
Another use for AI is tor the documentation of maintenance intormation retrieval in 
electronic media to be used by technicians. 

Implementation of an ES should be evolutionary. It is recommended that an ES development 
environment such as KEE. ART. Nexpert Object. Leve15Object. or CLIPS be installed on a 
workstation or PC. This environment would provide excellent development tools and 
capabilities at a reasonable cost. 

The implementation plan for an ES consists of three major phasesand tour milestones. The 
three phasesare requirements engineering, knowledge engineering, and knowledge 
management. Important milestones tor each project include the requirements analysis, a 
proof-of-concept rapid prototype, a production system, and knowledge managemer1tand 
delivery. An ES can be built. tested. and integrated in approximately 12 to 15 months by a 

3 or 4 person team. 

Artificial Neural Networks (ANN) are identitled as the appropriate AI technology for the 
alarm processing system and monitoring. The problem resolution tile (PRF) system is based 
on the results of the analysis phase. An implementation plan tor the ANN is provided, 
including milestones and estimates of needed resources. 

IX 



1. INTRODUCTION, 

1.1 BACKGROUND. 

The Federal Aviation Administration (FAA) Airway Facilities (AF) organization is 
responsible tor the maintenance of all facilities, systems, and services used tor air traffic 
control (ATC). The methods used to maintain these facilities, systems, and services are 

changing. 

In the past, maintenance has been performed on-site. Each technician has been responsible 
for a single tacility or, at most. a few facilities of a given type. Remote Maintenance 
Monitoring (RMM) is decreasing the need tor on-site maintenance, and is changing the entire 
maintenance concept and philosophy within the AF organization. The AF organization is 
becoming more centralized. Individual technicians are responsible for many facilities, rather 
than a single facility, and site visits are decreasing as more maintenance. monitoring, and 
control activities are carried out remotely. through the Remote Maintenance Monitoring 

System (RMMS). 

In addition, changes in the AF work force are demanding changes in the maintenance concept 
and philosophy. The present AF work force was hired primarily during the late 1950's and 
early 1960's, and many AF personnel are currently, or will soon be, eligible tor retirement. 
The FAA, thus, is experiencing an influx of new. less experienced technicians. 

A knowledge vacuum tor many existing systems may be created by the anticipated loss of 
older, more experienced technicians, within the next few years. The FAA's Maintenance 
Automation Program is responsible for research and development efforts to support the 
Maintenance Automation System. This program is continually searching for improved 
methods of data acquisition. data processing, and information display to assist AF personnel 
in maintaining the service ot the entire ATC system. 

There is a strong belief that Artiticiallntelligence (AI) applications would be of signiticant 
benefit in solving current problems and enhancing the performance of AF maintenance, 
monitoring, and control ot" activities tor newer systems. Therefore, the Advanced Systems 
Technology Branch (ACD-350) initiated an in-depth study to determine the applicability ot" 
Al technologies to the maintenance, monitoring, and control of the National Airspace System(NAS). 

. 

1.2 PURPOSE. 

The purpose of this document is to report the data analysis, conclusions. and 
recommendations of AI technologies for application to the AF problems and issues. 

objectives can be summarized as follows: 

The 
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The study provides both short- and long-term recommendations. The short-term 
recommendations are for applications where mature AI technologies are available. Important 
short-term recommendations are the PRF system and the corrective maintenance advisor. 
Both systems will use a combination of the ES and the neural network technologies. The 
long-term recommendations are for areas in which appropriate infrastructures are not 
available in the FAA, or the AI technology has not matured enough to handle the application. 
These long-term recommendations include areas such as alarm processing, certification, 
information retrieval, and training. 
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a. Identify AF maintenance,applications 

development. 

and control of activities suited to AI 

b. Determine the AI technologies, tools, architectures, and algorithms that are most 
suitable for the identified applications. 

c. Develop a set of criteria for AI applications development, and evaluate each of the 
identified applications in terms ot' those criteria. 

d. Prepare a report summarizing: (I) the potential applications, (2) the AI 
technologies, tools, and architectures needed to develop those applications, (3) the evaluation 
of the applications, and (4) the short and long term recommendations for AI applications 
development within AF. 

1.3 SCOPE, 

The scope of this study was limited to identifying AI applications for maintenance, 
monitoring, and control of facilities. For this study. maintenance. monitoring, and control of 
activities were defined as follows: 

a. Maintenance is the process of keeping the system in peak working condition. 
There are two types of maintenance -periodic (i.e.. preventative or routine) and corrective 
(i.e.. scheduled or unscheduled). 

b. Monitoring is the observation of system performance, and the planning of any 
necessarycorrective actions based on the information obtained through observation. 

C. Control is the process by which actions are taken to achieve a desired level of 
operation from a system. It involves the analysis of available data. the control actions taken 
(e.g., reconfiguration and/or rerouting of communications), and recommendations tor repair 
or replacement of system components. 

This study identifies two additional activities, AF administrative tasks, and training of AF 

personnel. 

1.4 ORGANIZATION 

report is organized into seven main sections. Section 1, IIIntroduction 

introduction to the report, and defines the purpose and scope of the study. 
containsan 

Section 2, "Study Approach," contains a review of the methodology, and documents the 
information sources used in the study. 

2 
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presents an overview of the currentSection 3, "Current FAA AF Maintenance Operations, 
AF maintenance, monitoring, and control operations. 

Section 4, "Identification of AI Applications," presents an overview of AI, expert systems 
(ES), Artificial Neural Network (ANN), fuzzy logic (FL), and other technologies. It also 
explains the applications identified and presents an analysis of each application. 

Section 5, "Development Issues for Knowledge-Based Expert Systems (KBES)," describes a 
strategy tor developing the KBES. General implementation issues are addressed. technology 
issues are examined. and an implementation plan is presented. 

Section 6. "Developmental Issues for ANN systems," describes a strategy tor developing the 
ANN. General implementation issues are addressed, technology issues are examined, and an 

implementation plan is presented. 

Section7 the short- and long-term conclusions of the studyRecommendations

The final section, "Appendixes," contains: (I) a list of the documents reviewed. (2) a 
summary of each document. (3) site visit questionnaires. (4) interview summaries. and (5) an 

acronym list. 

2. STUDY APPROACH 

This section outlines the formal approach taken by the study team, and is divided into two 
subsections. The first subsection describes the methodology. The second describes the 
information sources used during the information elicitation phase of the study. 

:'.1 METHODOLOGY. 

The methodology is the general approach that was taken by the study team. The 
methodology applied to the AF study consisted of five fundamental phases. as follows 

a. Information Elicitation. The most common methods of information elicitation were 
observation and sampling from existing records, interviews, or group discussions. and 

questionnaires or forms. . 
b. Analysis. This phase examined the data gathered during the information elicitation 

phase. The results of the analysis were an understandingof AF operations, the development 
of criteria for ranking alternate applications, and the identification of potential applications. 

3 
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c. TechnologyAssessment.This phaseidentified the various advancedtechnologies 
suchas ES, Neural Network (NN), FL, and geneticalgorithms (GA) that can be usedin the 
improvementof AF operations. Tools were selectedto cover a rangeof hardwareand costs 
Strengthsand weaknessesof eachtool were evaluatedand documented. 

d. AdvancedAnalysis. This phaseincludeda detailedanalysisof the identified 
potentialmaintenanceapplicationsto determinewhich applicationswere feasibleand 
justified. The resultsof this phasewere the ranking of applications,and an implementation 
plan for the applicationsthat were determinedto be the bestalternatives. 

e. Recommendations.This phasewasthe final determinationof the appropriate 
technologiesto be applied to AF operations. 

2.2 INFORMATION SOURCES. 

Information elicitation allows tor the gatheringand understandingof information from many 
sources. Three typesof information sourceswere usedduring the study, as tollows: 

a. Documents. The written sourcesof informationranged from introductory 
documentsto more detailedmanuals. All the documentsthat were reviewedare listed in 
appendixA, while appendixB containsdetailedsummariesof thesedocuments. 

b. Interviews. Interviews were an integral pan of the study. The study team 
interviewed both supervisors and maintenance staff at the Memphis General National 
Airspace System (GNAS) Sector Office and Air Route Traffic Control Center (ARTCC), and 
the Memphis and Nashville GNAS Sector Field Offices. Each interview was one to two 
hours in length. Participants were asked a similar set of general questions tailored to 
accommodatehis or her specific knowledge area and expertise. The basis of these questions 
was a checklist similar to the one illustrated in figure 2.2-1. Appendixes C and D contain a 
list of questions used in the interviews and interview summaries. 

c. On-site Observations. During each interview, the study team observed the 
day-to-day operations of the supervisors and technicians. These observations allowed the 
team to gain insight into the environment in which the interviewees worked to decide where 
best to implement any AI technologies. 

3. CURRENT FAA AF MAINTENANCE OPERATIONS. 

This section presents an overview of current AF maintenance operations. The material 
presentedin this section is based on the results of the information elicitation and analysis 
phases. FAA AF maintenance operations have been divided into nine separateareas: 

Corrective Maintenance(CM)a. 

4 



Overall Objective of Project 

R&D/Proof of Concept 
Specific benefit to organization 

Problem/Opportunity 

-How is the problem currently being solved?

-What opportunity is being missed?

-What is the problem or missed opportunity costing the organization?

-Which of the following will the system do?


0 Capture and distribute knowledge

0 Preserve knowledge

0 Integrate the knowledge of several people

0 Facilitate faster decisions

0 Facilitate better decisions

0 Facilitate consistent decisions

0 Make bookkeeping more efficient

0 Provide better approach to software development

0 Provide better approach to updating and maintaining

0 Reduce training costs

0 Reduce labor costs


Is the Problem/Opportunity Well Defined? 

-Is there expertise? Would an expert be available for 3-6 months? 
-Is there documentation? 
-How long does the task currently take? 
-What does a good solution look like? 
-How consistent are the current solutions? 

Developing a System 

-How would the system be developed? On what hardware? On what software?

-Who would manage the project?

-What kinds of budget constraints do you have?

-Do you have schedule constraints? A completion deadline?

-Who is sponsoring the effort?

-Do you have the support of senior management?


Fielding a System 

-Who are the users? Do they currently use computers?

-How would the system be fielded? On what hardware? On what software?

-Would the system be integrated with existing software? How?


A CHECKLIST USED AS A BASIS FOR DEVELOPING 
, INTERVIEW QUESTIONS 

FIGURE2.2-1. 

5 



b. 
c. 
d. 
e. 
f. 
g.
h. 

Alarm Processing 

Monitoring 
Administrative Functions 
Information Retrieval 
Problem Resolution 
Certification 

Training 
Periodic Maintenance (PM) 

These nine areas of maintenance operations form a set of components that together describe 
all aspectsof AF maintenance operations. These nine areas are further discussed in section 
4.3. 

3.1 THE AF SYSTEMS AND MAINTENANCE OPERATIONS FIELD WORK FORCE. 

This section describes the organization of the AF Systems and Maintenance Operations field 
work force. The organization is described in terms of the locations in which personnel 
conduct their activities, and the types of work they perform. 

3.1.1 AF Systems and Maintenance OQerations in the ARTCC. 

There are 21 ARTCCs in the United States (23, including combined CEnter Radar Approach 
control (CERAP) at Honolulu, Hawaii and San Juan, Puerto Rico). Each has its own 
airspace, and is responsible for the en route control of aircraft. Control is achieved through 
data from long range radars and air-to-ground communications facilities. 

The AF Systems and Maintenance Operations personnel in the ARTCC are responsible for 
the monitoring and control of facilities that provide service to the center. They are also 
responsible for the maintenance of facilities within the center grounds. 

The AF Systems Operations organization in the ARTCC consists of seven NAS Operations 
Managers (NOMs), each of whom are supported by two NAS Area Specialists. At any given 
time, one or two NOMs will be on duty, along with their associated NAS Area Specialists. 
(These individuals maintain rotating shifts.) They have the primary responsibility tor the 
monitoring and control of the center's facilities. 

The Maintenance Operations organization within the center consists of four to six' work units 
whose personnel report to a unit supervisor, The Maintenance Operations organization is 
responsible for the maintenance of all facilities on the center grounds, Six possible technical 
specializations exist, as follows: 

RadarDataProcessing 
Flight Data Processing 

a. 
b. 

6 



c. 
d 
e 

Flight Service Data 

Environmental 
Interfacility Data 
Communications/Telecommunications Maintenance and Operations 

3.1.2 AF S~stemsand Maintenance Ogerations in the GNAS Sectors. 

Each ARTCC is supported by two or three GNAS Sectors; approximately 56 exist, 
nationwide. Each sector is responsible for the maintenance, monitoring, and control of NAS 
facilities located within its designated geographic area. Administrative functions within each 
sector are carried out at the Sector Office. 

It should be noted that the AF Systemsand Maintenance Operations organizations in the 
GNAS Sectors are changing. The material that tallows represents the structures that will 

exist following the current transition. 

The Systems Operations organization IS located at the Sector Office. This includes a NOM 
and several GNAS Maintenance (~ontrol Center (GMCC) NAS Area Specialists. In addition 
to their responsibilities of monitoring and control of facilities within the GNAS Sector, they 
may perform remote maintenance activities. They also have a m~jor responsibility for the 
coordination of maintenance activities with the Sector Field Offices (SFO) and the relevant 

ARTCCs. 

NAS Area Specialists have one of the three technical specialties, as follows 

Navigational Aids/Communications. 
Radar/Communications/ Automation 
Environmental. 

a. 
b 

However. they also have a broad-basedgeneral knowledge of the areas outsIde their 

specialty. 

The Maintenance Operations organization within a GNAS Sector consists of 4 to 5 SFOs. 
each of which consists of a manager and 6 to 40 technicians. The technicians are normally 
organized into three or more work units. by specialty. Each work unit is headed by a unit 

supervIsor. 

SFOs are responsible for the maintenance of facilities within their designated geographic 

areas. 

7 

jMCC 



3.2 AF SYSTEMS AND EQUIPMENT 

AF is composed of many systems and equipment that have evolved over the years 
are five major systems maintained by AF personnel: 

There 

a. 
b. 
c. 
d. 
e. 

RadarSystems 
ComputerSystems 
Navigational Aids Systems 
EnvironmentalSystems 
CommunicationSystems 

Systemswithin eachareavary widely in complexity, age, and technology. Becausethere 
are severalsystems,the following subsectionsdiscussonly a few representativesystemsof 
eacharea. The AI applicationsdiscussedlater in this report may be developedfor all 
systems. 

3.2.1 Radars. 

Radar systems are used to determine the distance and bearing of aircraft in order to track and 
maintain proper separation. There are two basic radar systems used by the FAA: 

a. Air Surveillance Radar Systems (ASRS) provide the controller with a map-like 
radar display that consists of all aircraft radar echoes within detection range of the radar 
facility. There are two types of ASRS: 

1. Airport surveillance radar (ASR) provides terminal controllers with radar 
coverage of the airspace up to a 60-mile radius of a given airport. 

2. Air Route Surveillance Radar (ARSR) is similar to the ASR, but provides the 
controllers at the Center with long-range radar coverage of about 200 miles. 

b. Airport surfacedetectionequipment(ASDE) is a surveillancesystemthat scansthe 
airport surfacefor radar targets. It is designedfor short-rangeoperationand providesthe 
terminal controller with positive airport groundcontrol of aircraft. 

3.2.2 Comnuters. 

AF personnel maintain a variety of computer equipment in both the ARTCC and GNAS 
environments. Some representative examples of computer equipment include: 

8 



a. Central Computer Complex Host (CCCH) is an IBM 3083, located in an ARTCC 
which uses existing software trom another computer system. Current systems are 10 times 
taster than its predecessorsand have 5 times more data storage capacity. The system 
processesand routes data such as flight plans, flight plan amendments, weather data, and 
radar data to other subsystems. 

b. Automated Radar Terminal System (ARTS) IIA and IIIA carry out the computerJrocessing 
of short range radar data. 

c. Computer Display (~hannel(CDC) accepts and stores display data messages 
received trom the CCCH. and routes the display data to the appropriate air traffic controller 
displays. The CDC also accepts. stores. and inputs all controller-entered data. 

d. Maintenance Processor Subsystem (MPS) is a Tandem computer used tor 
transaction processing of remote maintenance. monitoring, and control information. It is the 
host for the Maintenance Management System (MMS) used tor logging maintenance and 
control activities, and the Interim Monitor and Contro! Software (IMCS). Technicians use 
[he MPS in carrying out remote maintenance, monitoring, and contro! functions. 

Navigational Aids. 

Navigational aids serve to guide pilots during the en route phase of flight, and during their 
,-lpproachesto airports. Some representative navigational aids are as tollows: 

a. Instrument Landing System (ILS) is a precision all-weather system tor landing 
lircraft via the use of radio instruments. The ILS provides a path tor exact alignment and 
lescent of an aircraft on its tinal approach. The ILS consists of: 

I. A series of marker beaconswhich provides accurate radio tlxes along theapproach 
path to the runway. Markers are either inner-, middle-, or outer-marker beacons 

2. Glideslopes which provide vertical guidance along the correct descent angle 
:0 the proper touchdown point on the runway. 

3 Localizers which provide horizontal guidance to the airport runway 

b. Lighted systems which provide visual ground contact, runway identification, 
guidance, and hazard information to pilots. Some types of lighted navigational aid systems 
are: 

Approach lighting system (ALS) 
Omnidirectional ALS. 

9 

3.2.3 




3 Medium Intensity ALS with Runway Alignment Indicator Lights.

c. Precision Approach Path Indicator which provides accurate visual approach path 
information to pilots of landing aircraft. 

d. VHF Omnidirectional Range (VOR) and Tactical Air Navigation (TACAN) systems 
which are often co-located (in which case the designation VORTAC is used). The VCR 
provides VHF-bearing reterence signals that define distinct airways distributed radially 
around the VCR. When avionics are tuned to the VOR, they will show the position of an 
aircraft relative to the selected radial. TACAN systemsare used primarily to provide the 
capability tor an aircraft to determine the distance between itself and the T ACAN system 
ground station. Analogous to the VCR. the TACAN system also transmits bearing reterence 
signals that are used primarily by the military. 

_~.2.4 Environmental S~stems 

Environmental systems play all important role in maintaining reliable facility performance. 

Environmental systems are separated into tour categories: 

a. Power Conditioning Systems (PCSs) process unregulated input power into 
uninterruptible output power. PCSs can be either A(~ to DC or DC to DC. 

b. Heating, Ventilating, and Air Conditioning tHV AC) equipment maintains the 
atmosphere of an enclosure at the desired temperature, humidity, and air purity. 

c. Engine generators are standby power sources that are either gasoline, propane, or 
diesel fueled, and are used to furnish power to a facility during a commercial power failure 

d. Electrical distribution systems include primary power distribution systems. 
underground power systems on airports. building electrical distribution systems. and 
interconnecting communication cables. 

.1.2.5 Communications. 

Communications are an integral part of ATC. Some communications systems of concern to 
AF personnel are as follows: ; 

a. Remote Center Air/Ground (RCAG) is an unattended, remote-controlled facility 
that provides direct voice communications between the en route controller and the aircraft 

pilot. 
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b. Modemshandleall flight data, datainformation betweenCenters,and radar 
information from remoteradar sites. 

c. RemoteTransmitter/Receivers(RTR) andRemoteCommunicationsOutlets(RCO) 
provide a meansfor communicationbetweena pilot anda terminal controller, and a pilot and 
a Flight ServiceStation,respectively. 

d. BackUpEmergencyCommunications(BUEC) is the Center's backupsystemfor 
air-to-groundradio communications. 

3.3 TECHNICIAN TASKS. 

The technician plays an integral role in maintaining a safe and operational facility. His or 

her day-to-day tasks can be separatedinto four categories: 

a. PM consists of tasks such as daily, weekly, monthly, quarterly, semiannual, and 
annual maintenance checks of various equipment. To the extent that RMM has been 
implemented, PM may also involve monitoring and control of equipment. 

b. CM consists of the repair of failed equipment.

c. AdministrativeFunctionsconsistof logging maintenanceactivities and completing 
other reports that mustbe filed. 

d. Certification is the process of formally determining that a given system is fully 
operational, and is within its design parameters. There is a certification schedule, similar to 
the PM schedule, but certification of a system may also be required at other times (e.g., 

following a CM procedure). 

The FAA technicianis suppliedwith a setof written proceduresto perform thesetasks. As 
a technicianbecomesmore experienced,the written proceduresare usedless. 

3.4 TECHNICIAN TRAINING. 

The FAA providesthe technicianwith entry-levelandadvancedtraining through several
channels: . 

The FAA Academy in Oklahoma City conducts training in four major specializeda. 
areas: 

1.2. Airports.
Flight Standards. 



3 
4 

Air Traffic (AT). 
SystemsMaintenance 

FAA Academy training is provided in two ways: 

(a) Resident Training. This is a formal classroom instruction that consists of 
entry-level, refresher, and advanced training courses in many specialized fields. 

(b) Non-Resident Training. This consists of correspondence study programs 
that are designed to either prepare the technician tor resident courses, be used as refresher 
training, or provide further development for the employee. 

b. On-The-Job-Training (OJT). OJT is an intormal type of training that relies on the 
more experienced technician to teach the less experienced technician correct procedures to 
use in a variety of situations. 

c. Computer-Based Instruction (CBI). CBI is administered by the FAA Academy and 
may be conducted at the academy, Sector. or SFO. All CBI courses are self-paced, but the 
technician has a maximum allotted time for completing the course. 

3.5 PROBLEM DETECTION AND SOLUTION 

Problem detection and solution are integral parts of current FAA AF maintenance operations, 
The process of problem detection and solution is separated into three parts: problem 
recognition, problem source, and problem resolution. This process will be discussed further 
in section 4. 

3.6 AF OPERATIONS EVOLUTION AND SUMMARY 

The FAA is currently implementing the RMMS to allow maintenance, which would 
otherwise require a technician on-site, to be conducted trom a central location. With 
RMMS, equipment downtime and operating costs will be significantly reduced. RMMS will 
provide an interface between specialists at Maintenance Control Centers (MCCs), work 
centers, and unmanned remote facilities. This requires the automation of various tasks 
associated with maintenance. 

After analyzing AF maintenance operations. several areas were identified as poteritial 
domains for ES applications. The following sections discuss. in detail. applications suited to 
AI technology for maintenance. monitoring, and control. These sections also detail which AI 
technologies. tools. architectures. and algorithms are most suitable for each application. and 
which architectures and tools are appropriate tor augmenting personnel skills. 
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4. IDENTIFICATION OF AI APPLICA TIaNS 

This section identifies and analyzes the AI applications tor the FAA AF maintenance 
operations. An introduction to AI is provided to familiarize the reader with the terms 
associated with the various AI technologies. The remainder of the section identifies 24 
possible AI applications within lO principal activity areas, and analyzes the benefits of the 

applicationareas. 

Figure 4-1 provides an overview of the process used to select Al applications. During this 
process, the requirements and knowledge of the managers, supervisors, technicians, and 
documents are systematically synthesized, and filtered into a final set ot- ES applications. 
This section describes each step of this process. 

4.1 INTRODUCTION TO AI. 

"rhe reader may be unfamiliar with many terms associated with AI technology. This section 
presents a brief introduction to AI and its related fields. There is a short definition of AI and 
an examination of ES and the techniques used to build them. This section concludes with a 

list of the general activities that Al applications perform. 

4. i. 1 Definition of Ai. 

Al is a field offering solutions to problems that resist solution by procedural methods. For 
this study, AI is defined as a growing set of computer problem solving techniques. AI is 
being developed to imitate human thought or decision-making processesto produce the same 

results as these human processes. 

,\ has many fields including

a. 
b 
c. 
d 
e. 

g. 
h-

KBES 
ANN 
Expert Neural Network (ENN) 
Natural Language Processing (NLP) 
FL 
GA 
Machine Learning (ML) 
Distributed Artificial Intelligence (DAI) 

Our emphasis in this study is placed on KBES, ANN, ENN, and NLP and their applications 
to AF. Theretore, the remainder of this section will concentrate on the fundamentals of 

these technologies as they relate to the applications. 
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As 

Conterence proceedings, technical journals, vendor reports. and some unpublished 
applications encompassing 1984 to 1992 were surveyed. KBES, or simply ES, has been used 
extensively (see table 4.1.1-1). ANN is being used to reduce the costs of knowledge 
acquisition. ENN is being employed in diagnostics where explanations and lines of reasoning 
are wanted. Elemental applications of FL, ML, OAI, and GA were also discovered in the 
literature. While still exploratory in nature, apparently, they are the technologies of the 

future. 

4.1.2 KBES or ES. 

ES is one of the most successful areas of AI today. An ES is a computer-based system that 
usesknowledge. facts. and reasoning techniques to solve problems that normally require the 
abilities ot- human experts. The power of an ES comes from both knowledge contained in 
the system, and the interencing methods used to manipulate this knowledge. 

figure 4.1.2-1 shows. all ESs contain three basic components: a knowledge base.interence 
engine, and a user interface. 

a. Knowledge Base. A knowledge base contains expert-level knowledge on a 
particular subject. Knowledge is obtained trom documents and one or more human experts, 
and is stored using a knowledge representationtechnique that is inherent to the knowledge. 
Two knowledge representation techniques are of interest at the FAA: rules and trames. 

1. Rules are the most common knowledge representation method. Rules provide a 
formal way of representing recommendations, directives, or strategies, and are expressed in 

terms of condition(s)-action, or if-then pairs: 

IF (condition(s» 
THEN (action) 

Example: 

IF a tlammable liquid was spilled 
THEN call the tire department. 

In a rule-based ES, the domain knowledge is represented as sets of rules that are checked 
against a collection of facts about the current situation. When the condition of a rule is 
satisfied, the action portion of the rule is performed. 

2. A Frame is a data-structure for the collection of attributes (name. color, size) 
that describes a given object. Each attribute is stored in a slot (name), which may contain 
values (Smith, red, small), rules, or procedures. As figure 4.1.2-2 shows, a trame is a 
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FIGURE 4.1.2-1 KNOWLEDGE-BASED EXPERT SYSTEM ARCHUECTURE 
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FIGURE 4. 1. 2 -2 FRAME REPRESENTATION 
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network of nodes and relations organized in a hierarchy. The topmost nodes represent 
general categories and the lower nodes. more specific subcategories. Frames are used when 
the knowledge can be represented in chunks, or blocks of data. 

Each slot may have any number of procedures attached to it. 
proceduresare: 

Three fundamental types of 

(a) If-Added Procedure: executes when a value is added to a slot. 
(b) If-Removed Procedure: executes when a value is removed from a slot. 
(c) If-Needed Procedure: executes when a slot needs a value, but one is not 

present. 

Thus, a frame-based system uses knowledge through the execution of a variety of procedures 

and rules. 

b. Inference Engine. An inference engine is the portion of an ES that contains the 
strategies tor controlling the selection and application of knowledge and facts in the 
knowledge base. In short, it is the part of the ES where the reasoning takes place. 

This mechanism uses the information provided to it by the knowledge base and the user, to 
inter new facts. In so doing, it is simulating the deductive thought processes of a human. 
The new facts that are generated by the system might be the advice the system user is 

seeking. 

The inference engine also supports the explanation or justification of recommendations 
formulated by the ES. This means that a user can ask the ES "how" a conclusion was 
reached, or "why" a question was asked. 

c. User Interface (VI). A VI allows communication between the system user and the 
system. It allows the user to enter facts and questions about a particular situation. It also 
permits the ES to respond to these requestsand query the user tor more intormation. 

To simplify communication, the UI may employ menus, dialogues, graphics, or other 
appropriate vehicles. ESs tor natural language processingare often used as part of the user 

interface for another ES. 

4.1.3 ES Aoolication Activities. 

As ESs have beendeveloped over the years, their activities have been grouped into the 
categories described next. These activities are not used to categorize applications because 
almost all ESs perform two or more of these activities. 
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For instance,a diagnosticES usuallycontainsboth diagnosisand debuggingactivities. 
following are 10 activities performedby ESs: 

The 

a. Interpretationrefers to hypothesisselectionperformed on measurementdataand 
corollary information. Thesesystemstypically use sensordatato infer situationdescriptions. 

b. Predictioninvolves the examinationof situationinformation and the forecastof 
future situations. It can be looked at as inferring future consequencesof currentdecisions. 
This includesthe activities of observingsituationsand correlating commonaspectsof a 
situationwith other situationsthathave beenpreviouslyexperienced. 

c. Diagnosis encompassesidentifying, investigating, and analyzing the cause or nature 
of a problem or condition. During diagnosis, the system not only interprets data to 
determine the difficulty, but also seeksadditional data when such data are required to aid its 
line of reasoning. 

d. Design constitutes configuring a system from a set of alternate possibilities, under 
constraints. In short, it is the mental task of creating, fashioning, or constructing according 
to a developed plan. 

e. Planning is the activity ot-establishing goals, policies, and procedures to detern1ine 
what actions should be performed to achieve a desired end. 

f. Monitoring involves observing an ongoing situation for its predicted or intended 
progress, and alerting the user if there is a departure from normal activity. 

g. Debuggingis the activity of recommendingor prescribing remediesfor a problem 
suchas time constraints,resourceavailability, and consequences. 

h. Repair is the execution of a plan to correct a malfunction. 

i. Instructionentailsthe imparting of knowledgeor skill by systematicmeansor 
methods. This activity teachesthe studentto diagnose,debug,and makerepairs. 

j, Control activities govern complete system behavior, They are a combination of 
monitoring a system, and taking appropriate actions to achieve the desired results;, 

4.1.4 ANNs. 

ANNs are computationalsystems,eitherhardwareor software, that mimic the computational 
abilities of biological systemsby usinglarge numbersof simple, interconnectedartificial 
neurons(seefigure 4.1.4-1). Artificial neuronsare simple emulationsof biological neurons; 
theyreceive information from sensorsor otherartificial neurons,performvery simple 
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FIGURE 4.1.4-1. ANN ARCHITECTURE 
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operationsusingthesedata, and passthe resultson to otherartificial neurons. ANNs operate 
by having manyneuronsprocessdatain this manner. The networksuselogical parallelism 
combinedwith serial operations. The three main characteristicsthat describean ANN and 
contributeto its functional abilities are structure,dynamics,and learning. 

ANN is an emerging technology that can significantly enhance many applications. They are 
being adopted for use in a variety of commercial and military applications that range from 
pattern recognition to optimization and scheduling. 

ENNs combineKBES and ANN to provide solutionsthat neither systemalonecan provide. 
Both KBES and ANN havesomedisadvantagesover other AI applications. For example, 
ANN cannotprovide explanationsand KBES usuallyrequiresdomainexpertise,which may 
be scarce. By combining thesetwo technologiesonecan complementtheir capabilitiesand 
build a more desirablesystem. 

22 

ANNs can be developed within a reasonable period and can often perform tasks better than 
other, more conventional technologies (including KBES). When embedded in a system, 
ANNs exhibit high fault tolerance to systemdamage. 

4.1.4.1 ANN A~~lication Activities. 

As ANN systemshave beendevelopedover the years, their activities have beengroupedinto 
the 12 categoriesas tol1ows: 

a. 
b. 
c. 
d. 
e. 
f. 
g.
h. 
1. 
J. 
k. 

Maintenance, monitoring, and control. 
Robust pattern detection (spatial, temporal, and spatial-temporal). 
Signal filtering. 
Data segmentation. 
Data compression and sensor data fusion. 
Database mining and associative search. 
Adaptive control. 
Optimization, scheduling, and routing. 
Complex mapping and modeling complex phenomena. 
Adaptive interfaces for man-machine system. 
Quality control. 

Training. 

These activities are not used to categorize applications because almost all NN systems 
perform two or more of these activities. For instance, a signal filtering neural system 
usually contains alarm processing, diagnosis, and debugging activities. Some applications of 
well known NN architectures are shown in table 4. 1.4-1. 

4.1.5 Ex~rt Neural Networks (ENNs). 
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Combining KBES and ANN technology is not easily achieved, but the following list 
describes methods to accomplish this task: 

a. 
b. 
c. 
d. 

Divide and Conquer. 
EmbeddedNN. 
Explanationby Confabulation 
Artificial Expert. 

Several applications have been reported in the International Joint Conference in Neural 
Networks Proceedings. Almost everyone involved with ANN is currently trying to develop 
ENN technology. 

4.1.5.1 ENN AQQlicationActivities. 

Most ENN applicationsare emergingfrom the activities in which explanationis essential. 
Theseinclude: 

a. 
b. 
c. 
d. 
e. 
f. 

Quality control. 
Fraud detection. 
Maintenance,monitoring, and control. 
Adaptive signal processing. 
Prediction. 
Target recognition. 

4.1.6 NLP. 

NLP consists of both natural language generation and natural language understanding. 
Natural language generation involves tasks such as composing sentencesand paragraphs 
according to rules of grammar. It also involves the selection of the most suitable words from 
a set of semantically similar or equivalent words. As in any written or oral communication, 
there are many possibilities with varying degrees of aesthetic, styles, and ability to 
communicate effectively and accurately. Creation and formalization of rules to perform these 
functions are formidable tasks. The grammatical rules alone, which impose syntactical 
constraints on different parts of the sentences,are difficult to define due to the infInite 
number of possibilities. These complexities make generation of the natural language 
difficult. . 

The natural language understanding may come from speechor text, and involve processing in 
the direction opposite to that of language generation. Besides the technical difficulties 
associated with speechprocessing, the task is rendered more complex by changes in voice 
inflection and emphasis. Often, speechcontains partial sentencestructures, and the meanings 
associated with fragmented structures must be inferred by context. There are other 
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problems, such as resolving ambiguities associated with sentences, which can be parsed in 
multiple ways. This satisfies the syntactical and sometimes semantic rules, as well as the 
ambiguities resulting trom LIseof words with multiple meanings. 

Though NLP has been researched tor a long time, the problems have not been resolved. 
However, NLP is very important, and sufficient headway has been made to generate natural 
language dialogues in restricted domains and limited interactions. 

4.1.6.1 NLP AQQlication Activities, 

Over the years, NLP techniques have been used in information retrieval, education, training, 
and building VIs. A common activity of NLP is processing documents to report the 
system's activity. Subsequently, this activity is matched against the system's requirements to 
determine system performance. Another activity area of NLP is training, where students are 
taught with the help of NLP. 

4.1.7 Intelligent Databases (lOBs) 

lOBs are one of the recent advances in databasetechnology. With the amount of information 
allover the world, lOBs have become a necessity becausestatic databasesare not efficient at 
retrieving information trom large distributed databases. lOBs provide the following 

functions: 

a. Tools for data analysis, discovery, and integrity control give users the ability to 
extract knowledge from, and apply knowledge to, the data. 

b A natural interface to interact with the information 

c. Extraction of knowledge instead of data. and use of inference to identify what a 

user needs to know. 

In IDBs, the updating of information is performed as an intrinsic task by the databaseitself. 
The enhanced data and control structures needed by the databaseare provided by using the 

paradigms of ES technology. 

Hypertext provides ways for more dynamic databases. Intormation is added dynamically 
without any concern tor the prior structure of the database. This approach is in contrast to 
the highly structured approach used in static databases. Combining the efficiency and 
structure of relational databaseswith the dynamics of hypertext is a major challenge. 
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The dynamics of databasesis increased further by using knowledge-based systems. This 
gives the databasethe ability to reason and to infer new relationships. It also provides the 
capability to self-modify databasesand the ability to determine the interest of the user. 

Indexing poses a great problem in self-modifying databases 
be based on concepts rather than keyword labels. 

The indexing process used must 

4.1.7.1 lOB AQQlication Activities, 

The use of IDB is starting to grow in realistic applications. They are being used in areas 
that require both distributed databasesand ESs. With the arrival ot' object-oriented 
programming languages. object-oriented databaseshave also appeared. These provide 
greater capabilities for building lOBs. The following are the areas in which lOBs are being 

used: 

Network management that reiies on different databases. 

Building intelligent U Is. 

Document management. 

a. 
b 
c. 

4.1.8 FL 

FL is a means of managing pervasive uncertainty and impreciseness. Our day-to-day 
conversations are interspersed with terms such as, "often." "almost," "more or less," "very," 
"very much," "always," "probably," "most probably," "possibly," "never," "almost never," 
and others. These terms. or qualifiers, lack precise meaning. However, they are immensely 
useful in communication. 

FL is based on the assignment of real numbers (as opposed to integers) between zero and 
one. inclusive to the objects belonging to a concept. For example. 85 (years) may be 
assigned a value of one representing the concept old, and 35 may be assigned a value of 0.3. 
However, a shift of context, such as the age of athletic competence. may result in an 
assignment of a much higher membership value of 0.7 to 35 years. Similar context shifts 
may be observed between people accustomed to different conditions. For example. what is 
warm to Eskimos may be very cold to someone trom Florida. These variances among 
different people are often considered by a banded membership function. In other words, an 
object is assigned a range of membership values rather than a single value. FL has all the set 
theoretic operations defined (e.g., union, intersection, and negation). 

However, FL does have drawbacks. The operations defined over fuzzy space are order 
dependent, and computation intensive. With the arrival of specialized FL chips making 
several thousand t-uzzycomputations concurrently, this technology should make great strides 
in maintenance, monitoring, and control. Another drawback is the subjectiveness of the 

assignment of numbers to objects or concepts. 
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FL Agglication Activities, 

Several Japanesecompanies are marketing consumer appliances and industrial equipment 
employing controllers based on FL. 

FL is being used in aircraft landing operations, helicopter landing, energy management 
systems, and communications network management. Recently much attention has been paid 
to combining ANN with FL. Some excellent results have been reported in signal processing 

applications. 

4.1.9 ML. 

Individual learning or ML involves improved performance of the tasks undertaken by the 
individual or system. The improvement comes through efficient use of resources, acquisition 
of knowledge, and adaptation to the environment. ML has become an important field of 
research in AI. 

ML has great potential since, if we are successful in making one machine learn, we can 
transfer the expertise easily to other machines. This is unlike human learning in that each 
individual has to undergo the learning process by himself or herself. The following are 
various torms of learning processes: 

a. 
b. 
c. 
d. 
e. 

Direct implantation of new knowledge. 
Learning trom instruction. 

Learning by analogy. 
Learning trom examples. 
Learning from observation and discovery 

Learning by acquiring. 
Learning by restructuring knowledge.g. 

In each instance the acquired knowledge may be represented as: 

a. 
b. 
c. 
d. 
e. 

Decision trees. 
Production rules. 
Formal logic-based expressions. 
Formal grammars. 
Graphs and networks. 
Frames and schemas. 
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4.1.9.1 ML Annlication Activities. 

ML has beenapplied successfullyin suchdiversefields as: agriculture, chemistry, cognitive 
modeling, computerprogramming,education,ESs, imagerecognition, medicaldiagnostics, 
music, naturallanguageunderstanding,planningand problem solving, robotics, sequence 
prediction, and speechrecognition. New techniquesin ML are proving to be pivotal in 
scientific work where analysisof a large quantityof datais involved. ML will be an integral 
part of intelligent machinesto be built in the future. 

4.1.10 GA. 

GA were invented to mimic processesobserved in natural evolution. Evolution takes place 
due to the changes to chromosomes, organic devices for encoding the structure of living 
beings. A living being is created partly through a process of decoding information in the 
chromosomes. During the process of reproduction, chromosomes of two parents combine in 
a manner such that they exchange chromosomal material. The act of exchanging 
chromosomal material should result in preserving and combining the parental genetic material 

to enhance the total fitness measure of the offspring. 

The operatorthat causessharingof the geneticmaterialis called crossover. There are two 
more operatorsthat playa part in the evolutionaryprocess. Oneis called mutation. The 
mutationoperatorselectsa site in the chromosome,and replacesits value with anothervalue. 
In binary string representation,it changesone to zero and zero to one. Inversionis the name 
of the other operator. For the inversionoperatorto be affected, two sitesin the chromosome 
are selectedand their valuesare interchanged. In otherwords, the alleles (which make up 
the chromosomes)switch positions. This is useful whenthe fitness functionis sensitiveto 
the relative positionsof the alleles. 

GA are implementedon the computerto perform in the t'ollowing manner. A population 
baseof individuals (chromosomes)is selectedat 50 or 100. The chromosomesare initialized 
randomly. The fitness of eachchromosomeis evaluated. New chromosomesare createdby 
mating currentchromosomes,in otherwords, mutationand inversionoperatorsare applied. 
Individuals with greaterfitnessvaluesare given greaterchancesto procreate. Membersof 
the populationare deletedto make room for the new individuals. The new individuals are 
put in the populationand are readyto procreateaccordingto their fitnessvalues. 

GA are very much suited to adapt in a changing environment (provided the rate of change of 
environment is less than the rate of change of genetic material by reproduction; otherwise the 
system is unstable and oscillates). In a static environment, it is also good for optimizing, 
and this is where it has been increasingly used to solve many difficult problems that take 

inordinate amounts of time to be solved exhaustively. 
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4.1.10.1 GA AQQ1ication Activities. 

GA were introduced in 1970. Since then they have matured, and different versions of the 
algorithms have evolved to make them suitable in representation and approach to a wider 
variety of problems. Some interesting and representative applications are listed below: 

GA approach to multiple fault diagnosis. 

b, The use of GAs in the parametric design of aircraft 

Dynamic anticipatory routing in circuit-switched telecommunications networks.c 

d Genetic synthesis of NN architecture

e. Schedule optimization using GA

Automated parameter tuning for interpretation of synthetic images. 

g. [nterdigitation: "-hybrid technique for engineering design optimization employing 
GAs, ESs, and numerical optimization. 

h. The traveling salespersonand sequence scheduling: quality solutions using genetic 
cdge recombination. 

This is a mere sample of scores of applications reported in the literature and biennial 
conference proceedings. (1-9] 

-+.1.11 OAf. 

AI systems' solutions and actions are easier [0 comprehend since a more humanistic-like 
approach is used to produce [hem: AI systems are often partners in [he problem-solving 
process. DAI systems are a class of systems that allow several autonomous processes, called 
agents, to perform globally coherent intelligent acts solely through local computation and 

interprocess communication. 

4.1.11.1 OAf AQQlication Activities. 

DAI is being used in areas where the system does both local and remote processing. It is 
being used in network management, congestion control, and routing. It can also be used in 
weather forecasting, airline scheduling, and maintenance of AF. If a technician is repairing 
a system in Los Angeles, he or she can query information relating to that system trom the 
knowledge base at another facility to help solve the problem. 
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4.2 CRITERIA FOR SELECTION OF AI APPLICATIONS. 

The following questionnairewas usedfor the selectionof AI applicationsfor maintenance, 
monitoring, and control. This questionnairewaspreparedfor on-site interviews to address 
the requirementsof the selectioncriteria. 

The answersto the 119questionsfor selectioncriteria formed a basis for a two-tiered 
analysis: 

Top-level analysis(this was a quick analysis) 
Detailedanalysis. 

a. 
b. 

The analysiswas basedon: 

a. 
b. 
c. 
d. 

The project goals. 
Taskappropriatenessof the AI technology. 
Assessmentof requirementsandavailableresources. 
Othernon-technicalconsiderations. 

In this study, the assessmentof available resources was not clearly delineated since the 
project is in the identification stage. Also, the project payoffs are not in terms of dollar 
values. The answers were obtained by the subjective interpretations of the on-site 
observations, as well as the on-site interviews. There was a positive reaction to possible AI 
applications that would meet the organizational goal of making the maintenance of AF easier 
and more reliable. A set of simplified criteria selected for ranking the AI applications is 
presented in section 4.4. 

4.2.1 Tog-Level Anal~sis. 

4.2.1.1 The Definition of Success. 

a. 
b. 
c. 
d. 
e. 

h. 
1. 

Are the goals and objectives of the application clearly defmed? 
Has a clear definition of successbeen outlined? 
Is the application supported with FAA goals? 
What are the advantagesof the application?
Is the goal a production system or a research system? ; 

Are conventional computing techniques inadequate for solving the problem? 
Does a need to capture the expertise exist? 
Do the expected benefits outweigh expected costs? 
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4.2.1.2 The AQQroQriatenessof the Technology. 

a. 
b. 
c. 
d. 

a. 

b. 

c. 

a. 

b. 

c. 

d. 

e. Are the economic, ethical, and legal considerations of the project realistic and 
defensible? 

f. What is the match betweenthe overall goalsregardingproject payoff and the risk 
of failure? 

Will the AI application/technology meet the real need?g. 

4.2.2 Detailed Analysis. 

4.2.2.1 Pro_lectGoals. 

a. Do conventional computing techniques appear to be unsuitable or inadequate for 
solving the problem? 
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Is the AI (adopted technology) approach necessary? 
Is the AI approach sufficient? 
Is the task similar to another task for which a successful solution exists? 
Is the task similar to another that has proved difficult for the technology? 

4.2.1.3 The Availabili~ of Resources. 

Is the necessary domain knowledge available? 

Is the domain knowledgenecessary? 

Is the necessary technical and managementmanpower available? 

d. Is the necessary funding available for hardware and software tools and related 
support, for training staff, and for building, validating, and fielding the final product? 

4.2.1.4 NontechnicalConsiderations. 

Is the organization prepared to develop an AI application? 

Is the problem important'] 

Are there any situations that are expected to impede solutions? 

Are the project assumptions and constraints well formed, realistic, and defensible? 



b. 
goals? 

Are the advantagesassociated with the AI technologies compatible with the project 

4.2.2.2 Task AQQfOQriateness. 

4.2.2.2.1 Problem Solving Knowledge: The Source of the Knowledge. 

Does knowledgeexist?a. 

Have the knowledgesourcesbeenidentified?b. 

Does at leastone recognizedexpert exist today?c. 

Is the expert's level of experience and base of experience sufficient?d. 

Are the experts better than beginners in performing the task?e. 

Is the expert currently practicing the selected task?f 

g. Does the knowledge source have a reputation within the task domain that will lend 
credibility and authority to the KBES, even if it captures only a portion of the knowledge? 

Does the expertise for each task come from a single expert?h. 

Is the knowledge resident in individuals, or is it a community involvement?1. 

j. Do various knowledge sources use essentially the same approach, or is there a 
significant difference or idiosyncratic variability between equally valid approaches? 

k. 
concepts? 

Is the expert able, at the outset of the project, to specify many of the important 

1. To what extent is the knowledge source cooperative, analytical in nature, and 
effective in communicating knowledge, judgment, experience, and methodology? 

m. Are the experts and managementwilling to commit the necessaryresoUFCesto the 

application development? 

4.2.2.2.2 Problem Solving Knowled~e: The Nature of the Knowledge. 

How muchknowledgeis involved? 
Is the knowledgediverse? 

a. 
b. 
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c. 
d.e. 

f. 

g. 
h. 

Is the knowledge incomplete? 
Is the knowledge fragmented? 
Is the knowledge inexact or uncertain? 

Is the knowledge ill-specified? 
Is the knowledge unreliable? 
Is the knowledge changing? 

4.2.2.2.3 Problem SolvinQ:KnowledQ:e:Case Soecific Data. 

a. 
b. 
c.d. 

e. 
f. 

Are the data explicitly identified? 
Are the data unreliable or uncertain? 
Are the data incomplete?

Can the data be inconsistent or contradictory?

Are the data time dependentor time varying?

How much data are involved?


4.2.2.2.4 Problem Salvin Knowled e: A Knowled e/Data Com arison. 

What are the relative quantities of problem solving knowledge and case specific data involved 

in the task? 

4.2.2.2.5 TaskCharacterization:Definition and Boundin . 

Is the tasktoo easyor too difficult for AI technology?a. 

b. Have conventional,algorithmicprogrammingapproachesbeenproven 

unsatisfactory? 

Does the task require a major breakthrough in AI technology?c. 

Is the task defmed clearly and unambiguously, with precise defmitions of input andd. 
output? 

Is the skill required by the task taught by experts, or is it discussed in written e. 
materials? 

How stable is the task definition? 

Does the task have distinct boundaries?g. 

h. Is the task narrowly defined?
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Is the task largely and effectively separable from its contextual tasks? 

Is the taskdecomposable?J. 

4.2.2.2.6 Task ComQlexitY and Characterization. 

Does the task lend itself to incremental prototyping and modifications?a. 

b. Are conventional programming tasks involved? 

Are humanfaculties or skills involved in the task?c. 

Doesthe taskrequire expertise?d. 

Doesthe taskrequire primarily cognitive processes?e. 

f. Is the task concerned primarily with reasoning about symbolic information? 

Does the task require guessing as part of the problem solving effort?g. 

h. Does the task require reasoning about the status or abilities of the problem solver 

(self-referencing)? 

i. Does the task require the use of heuristics for handling a large number of 
possibilities, or for handling incomplete or uncertain information? 

Does the task require a significant level of explanation or justification of results?J. 

k. Is the task domain characterized by the use of expert knowledge, judgment, and 

experience? 

1. Are multiple lines of reasoningnecessaryor useful for the task? 

m. Doesthe taskinvolve mostly task-specificknowledge,or a more fundamental 
generaltype of knowledge,for example,commonsense,genericknowledge, or general 
problem-solvingknowledge? . 

What is the general character or class of problem? 

o. Is it unusualfor the taskto involve novel situations,or faults that expertshave 
never seenbefore? 
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p. Doesthe problem solving taskinvolve subdomainsthat are understoodin widely 
varying levels of detail? 

Are diverse levels of abstraction useful in the problem-solving task?q. 

r. How manydifferent areasof knowledge,or fields of expertise,are requiredto 
perform the task? 

How manytypesof problem-solvingbehaviorare necessaryfor the overall task?s. 

Must the task find one solution, the best solution, or all plausible solutions?t. 

u. Does the task involve selecting betweenalternative, pre-enumerable solutions, or 
constructing a complex, nonenumerable solution? 

v. Is the interaction mode of the task primarily conversational (consultational or 
query-response), or transparent to users (for example, for unassisted decision-making or 
control)? 

w. Will resultsbe reviewed for eachcase,or will they automaticallytrigger other 
actionsor events? 

Are partial or occasionalresultsuseful, andare somepotentialerrors tolerable?x. 

Are task decisions or solutions generally evaluated as either right or wrong?y. 

Z. Are critical task decisions normally made from between very close alternatives, or 
made on the basis of levels of belief! 

aa. Does the task involve significant real-time interaction with other programs or 
devices? 

bb. Doesthe taskrequire unusuallylarge amountsof spaceor datastorage? 

cc. Doesthe taskrequire the constructionof an unusuallycomplex userinterface? 

dd. Canan evaluatorbe developedfor a partial solution, or for eachdecomposable 
task? 
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4.2.2.3 AssessingR~uirements and Resources. 

4.2.2.3.1 The DeveloQrnentPhase. 

a. What is the availability of human,hardware,and softwareresourcesfor 
development? 

b. What is the costof human,hardware,and softwareresourcesfor development? 

c. Are the resourcepersonneladequatelytrained for their roles in the KBES 
developmenteffort? 

d. Do the availablehardwareand softwareenvironmentsexhibit appropriateproperties 
for developinga KBES solutionto the candidatetask? 

4.2.2.3.2 The Fielding Phase. 

Has a set of users been explicitly identified?a. 

b. Are the users generally cooperative and patient? 

Will the users commit the resources necessaryto field the KBES?c. 

d. To what extent will users welcome the complete system? 

e. Will introduction of the KBES disturb current operations and practices, and can the 
system be phased into use gracefully, using progressive releases? 

f. Has ongoing maintenancebeenplannedfor? 

4.2.2.4 NontechnicalConsiderations. 

4.2.2.4.1 Evaluation. 

Is a test available to determine correctness or incorrectness of results?a. 

b. To what extentcan validationcriteria and proceduresbe defined for the developed 
AI application? 

Do specific examplesof problemsand their solutionsexist? 

d. Would expertsagreeon whetherthe resultsare correct? 
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4.2.2.4.2 Economics. 

Is the expectedpayoff measurable?a. 

Is the expectedpayoff reasonable?b, 

c. Can an opportunity measurementbe made before the system is implemented, and 
an opportunity capture measurementbe made at-terthe system is fielded? 

d. Is the cost, basedon frequencyand severityof wrong decisions,projectedto be 
reducedas a resultof fielding the AI application? 

4.2.2.4.3 Exnectations and Understanding, 

a. Do all involved individualshaverealistic expectationsof the AI application 

developmenteffort and solution? 

b. Do all key managementindividuals supportthe KBES developmentgoalsand 

directions? 

Has the task been agreed upon jointly by the system developers and users? c. 

Have domainmanagerspreviously identified the needto solve the problem?d. 

e. 

4.2.2.4.4 The BusinessCulture. 

a. Is the need for the task expected to continue without significant change due to FAA 

directions for several more years? 

b. Is the project on a critical path for any other development, or does it have any 

absolute milestones for completion? 

4.2.2.4.5 Timing. 

Is this the right time to be performing this task?a. 



4.3 APPLICATION illENTIFICATION. 

The understanding of FAA AF maintenance operations described in section 3 was the result 
of the flIst step of the AI application selection process shown in figure 4-1. The second and 
third steps of the process, developing a list of possible applications, and identifying the best 
available applications using the analysis criteria (in section 4.2), respectively, are described 
in this section. 

The following list of potential activities for each system was identified: (see figure 4.3-1) 

a. 
b. 
c. 
d. 
e. 
f. 
g.
h. 

CM 
Alarm processing 
Monitoring 
Administrative functions 
Information retrieval 
Problemresolution 
Certification 
Training 
PM 

4.3.1 CM. 

CM is initiated when a piece of equipment or a facility does not provide its expected level of 
service. The fact that the system or equipment is not performing as expected may be noticed 
by the system or equipment itself, or may be noticed by the user. In the former case, 
usually an alarm will go off. After users or monitors are aware of the problem in the 
system, they may initiate actions to take the system off-line, and put the backup system 
on-line for primary use. CM may also be performed when a facility is beginning to 
deteriorate, but is still performing its intended function. 

CM is essentially a repetitive sequenceof (1) hypothesize, (2) test, and (3) repair or replace 
the defective parts. The initial hypothesis is generated from the information associated with 
the alarm, and any other information available. A test, or a sequenceof tests, is selectedin 
order to confirm the hypothesis and narrow the problem further. After the problem is 
thought to be narrowed down to the line replaceable unit (LRU) level, the part is replaced or 
repaired. If the original symptoms go away, and the equipment appears to function 
normally, the CM task is complete. If some symptoms remain, a new hypotheses must be 
generated, and a new set of test procedures must be initiated. 
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CM has beensubdividedinto two applications: 

Corrective Maintenance 1 (CMl) 
Corrective Maintenance 2 (CM2) 

a. 
b. 

The differences between the two applications are primarily in the type of knowledge available 
for each, and the resultant problem solving approach recommended or undertaken for its 
development. CMl is primarily for new equipment, such as the Digital Bright Radar 
Indicator Tower Equipment (D-BRITE) and ASR-9. Since the equipment has only been in 
the field for a short period of time, little expertise is available. CM2 is primarily for older 
equipment that has been in the field for an extended period of time. Lack of hands-on 
experience will require the technicians to rely more on fundamental technical knowledge. 

This difference will necessitatefielding the CMl application through a model-based ES 
design, and a rule-based ES for the CM2 application. The other important difference 
between the two applications is that the newer equipment contains automatic self-diagnostics 
to assist the technician in the diagnostic process. 

Two examplesin the CM scenarioare givenbelow: 

Scenario1: 

The PCS is designed to power equipment without interruptions. The alternating current (A C) 
power is provided to the facility by the PCS. The input to the PCS is AC power from the 
commercial utility company; or in the case of a commercial power failure, power from 
engine generators. The AC input power is convened to direct current (DC) power and then, 
through six-legged inveners, convened back to the AC power supply. In case of interruption 
in the commercial power supply, the DC voltage comes from batteries. and is then invened 
through the same inveners to give AC power at the output. 

On one occasion,there was a malfunctionin the PCS. As a result, therewas no power 
available at the outputof the PCS, eventhoughpower from the commercialutility company 
wasavailable. Alarms soundedfrom the PCS, as well as from all the facilities that had no 
power. 

The first step for providing power to the facilities is to bypass the PCS, and supply the utility 
or engine generator power directly to the equipment. This restores operation to all the 
services and facilities. The next step is to initiate CM on the PCS. The technician identified 
a failing leg of an invertor by running some tests, and probing some data points. Since the 
invertor leg is not an LRU, the fault was further isolated to a card by probing the data paths. 
At this point, the faulty card (or circuit) was replaced. The invertor was repaired, and 
returned to service with minimal interruptions to services and user operations. 
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Scenario2 

Radar data are fed to the CDC and the Direct Access Radar Channel (DARC) systems. Both 
of these systems have redundant capability. DARC itself is a backup to the CDC system. 
The radar data are processed by these systems. and fed to the Plan View Display (PVD). 
PVDs are used by ATC to get information about the aircraft (e.g., aircraft type, altitude, and 
separation). 

Suppose ATC loses all radar data on a PYD alternative cau~e~ are po~~ible: 

a. 
b. 

The PYO has tailed. 
The PYO is not receiving data from the COCo 

The CDC and DARC perform almost identical functions and both inputs are available to the 
PYD. If. at the moment of failure. the active input was the CDC, then ATC will change the 
input to DARC. If the display is stIli not on. then there is evidence that the PYD is 
malfunctioning. In this case the sector controlled by this PYD is distributed to other 
overlapping sectors. and the PVD is repaired. If, on the other hand, the PYD displays data 
trom DARC, this indicates that the PVD is functional and that the CDC is not sending data 
to the PVD. CDC personnel are then contacted. Tests will be performed to determine how 
many channels are bad. If six channels are bad then it may be that the Display Character 
and Vector Generator that feeds data to the six PYDs is bad. If only one PYD has a 
problem, then it may be a single display generator card. In other words, a sequenceof 
hypotheses and tests continue until the fault is isolated to the LRU level. 

4.3.1.1 CM1. 

-+._1.1.1.1 Descriotion 

The following description is tor (~M I applications tor new equipment such as the ASR-9 and 
D-BRITE. This equipment is new and tielded at only a tew sites. It also has a long useful 
life left. There is little equipment-specific expertise or history regarding typical tailures and 
remedies, however, deep level expertise is available for the theory of operations trom those 
trained at the FAA Academy or CBI. Expertise is also available for basic electronic and 
mechanical trouble-shooting skills. The diagnosis has to be made trom principles given by 
manufacturer-supplied self-diagnostics. Successful AI application is critical. Success will be 
measured by reduction in Mean Time To Repair (MTrR), as well as savings from the 
reduction inventory. Equipment-generated (encoded) readouts can be made more readable by 
decoding into English-like text, thus improving human factors and technician performance. 
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A Problem Resolution File (PRF) can be stated, incorporating the field experience for the 
benefit of other technicians in the field. KBES development in this area is most challenging. 
The manufacturers' self-diagnostic aids can be expected to be adequate to trouble-shoot 70 
percent of the problems at the LRU level. An additional 10 percent of the faults can be 
diagnosed by the technicians, while the remaining 20 percent or so of the problems represent 
those that were not anticipated or accounted for by the manufacturers. The KBES must do 
better than the manufacturer as well as the technicians. Even when such a system is 
designed and developed, it will be difficult to verify and validate the KBES system. Despite 
challenges and difficulties in developing such a KBES, it remains a critical and desirable 
application to be pursued. Other technologies such as ANN, ML, and IDB can be used for 
creating the PRF. 

There are two primary ways a knowledge-baseddiagnosticsystemcan be developed: 

a. 
b. 

Model-baseddiagnosticsystem. 
Associativediagnosticsystem(Rule-baseddiagnosticsystem). 

Each of these has its own advantagesand disadvantages. 

In the model-based diagnostic system, a model is created for each type of component in the 
equipment. The component may be defined down to the level of assembly at which the fault 
needs to be identified. In other words, depending on whether chip level or card level 
maintenance is desired, the models of components are constructed respectively. The model 
essentially describes input-output behavior of the component. The model may be a simple 
one giving static or steady state behavior, or may encompasssophisticated techniques 
representing time varying responses. The interconnection of components is also represented. 
A model-based approach to diagnostics is more thorough than an associative approach, and is 
capable of spotting faults that have not been encountered before. However, model-based 
systems tend to be large, sophisticated, and slow becauseanalysis needs to be performed at 
each level of the diagnostics. 

An associative diagnostic system, on the other hand, depends largely on the solutions for 
problems encountered before. Its basic knowledge consists of statements such as, "if X 
output is bad, then suspectcomponents W, Y, and Z." The technician has to do the rest of 
the work. In addition to the knowledge-concerning problems encountered previously, the 
system may also incorporate knowledge about failures and probable causes basedon 
hypothetical reasoning. Such knowledge is best obtained from the manufacturer who 
designed the equipment, and are in a better position to anticipate failures and probable 
causes. 
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Since the equipment has not been in the field a sufficient amount of time, a diagnostic 
system, based on symptom-fault-remedy data (associative model), will not be adequatemost 
of the time. Most fault conditions must be diagnosed and repaired based on embedded deep 
knowledge. It is likely that an unseen fault will occur, and that the new fault cannot be 
categorized according to one of the cases previously encountered. The fault coverage by 
simulated symptom-fault pairs can be expected to be satisfactory if fault simulations are done 
systematically and thoroughly. 

Domain knowledge for new equipment is available at many levels: 

a. In the associativemodel, importantparts of the knowledgebasecome from 
observed,recorded,and analyzedsymptom-fault-remedydata. A large amountof knowledge 
mustbe built up by following model-baseddiagnostictechniques. 

b. Anotherkind of knowledgeconsistsof componentlevel or signal level details 
availablein the manufacturers'schematics.This allows the technicianto tracea faulty signal 
back to the origin of the fault. 

c. Knowledge from self-diagnostics is available, together with the interpretations of 
the test results and the recommended actions. Built-in test equipment will present knowledge 
in the form of system status and current operating parameters. 

d. Breakdown of equipment into physical modules, the function of each module, and 
the interrelationships between various modules also constitute knowledge that is useful in 
replacing a defective part at the most economical level of assembly. 

e. The breakdown of equipment into functional modules (within physical modules), 
the interrelationships between different functional modules, and key signal paths also 
constitutes knowledge. 

f. Systems theory knowledge allows the educated user to expect correct system 
behavior, discover possible anomalies, and hypothesize and diagnose reasons for the 
anomalous behavior. In the associative model this knowledge is of less importance. 

A generalized knowledge base, developed in terms of heuristics, may be very effective in 
making the problem tractable. However, this approach may also introduce some.uncertainty 
in the solution paths, as the following example illustrates. 

Higher level heuristic: If any DC voltage is missing, check input and output of the DC 
power supply. This heuristic can account for many kinds of failures compared to specific 
symptom fault conditions such as the one shown next. 
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Specific symptom fault condition: If + 12 volts is missing, check the output transistor of the 
+ 12 volt power supply. Knowledge encoded at this level is more useful, leaving fewer 
analytical tasks to be performed by the technician. 

In order to cover as many casesas the heuristic covers, many such symptom-fault conditions 
need to be incorporated. Heuristics save knowledge representational space, but provide more 
general advice. 

4.3.1.1.2 Criteria for Assessing the AI AQQlication for CM1. 

The AI application for CMl will be deemed successful if it meets the following criteria: 

a. It can assista technicianin locating and repairing faults that the self-diagnosticsor 
technician's skill could not captureand identify. 

b. During the verification and validationphase,the applicationcan locatesimulated 
faults that are found and identified by self-diagnosticsor by the technician. 

c. Application allows a lessexperiencedtechnicianto repair the equipmentin about 
the sameamountof time as an expert. 

Its useresults in lower costsfor parts.d. 

e. The application is aligned with the organizational goals introducing modem 
technology into the FAA, and providing quality services to the users at the least possible 
cost. 

4.3.1.1.3 The AI AQQlication for CMl. 

The AI application will be a production system. A single AI system should be designed for 
each piece of equipment, such as the ASR-9 and the Second Generation VORTAC. A 
prototype system can be built to isolate faults at a higher level of assembly rather than the 
actual desired level of assembly. The user interface, as well as the capability to perform as 
specified, will be tested. 

Conventionalcomputingtechniquesare inadequatedue to the difficulty in updatingor 
revising the knowledgebase. The ASR-9 and SecondGenerationVORTAC are new 
systems, therefore, it would be advantageousto incorporatelearninginto the 
knowledge-basedm. ANN, GA, and symboliclearning methodsare candidates. 
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The knowledge to be captured is a mixture of knowledge from the experts. and knowledge 
trom maintenance handbooks containing principles of operation. system description. 
description of diagnostic tests available. and interpretation of normal and anomalous test 
results and observations. To develop a successful application. there is a need to capture all 

of this knowledge. 

Knowledge-based technology is suited tor this application since it does not share the 
difficulties associated with ANN and GA (e.g., problem and knowledge representation). 
Work on model-based diagnostic systems is also reported. [12] 

Knowledge required to construct the system is freely available from experts as well as books, 
manufacturers' handbooks (technical instructions), and schematics. 

In the MCC environment, KBES will be an asset, Part of the KBES may be implemented in 
the MCC environment, providing more central control and diagnostic capability, that will 
help in planning CM site visits. If KBES is not implemented. CM may result in unnecessary 
replacement of higher level assemblies. This may have an adverse effect on the technician's 
morale. The technician must be given as much assistanceas possible in isolating faults to the 
LRU level. and in the process, enhance his or her knowledge about the system. 

Currently, situations are not expected to impede the AI application. However, adequate time 
needs to be allocated for knowledge acquisition and training of AI specialists to understand 
and learn the system tor which the application is being developed. For CM I, the 
conventional computing techniques appear to be unsuitable or inadequate. 

The maintenance task is such that experts are better performers than are beginners. The 
knowledge is fairly diverse across different equipment and cannot be quantitied now. It is 
also diverse within the same equipment having different kinds of subassemblies(e.g., 
electronics, mechanical, and pneumatic) and within electronics. different technologies such 
as Transistor- Transistor-Logic (TTL) , Metal Oxide Semiconductor (MaS), and 
Complementary Metal Oxide Semiconductor (CMOS). 

The level of inexact or uncertain knowledge depends on the knowledge representation 
chosen. Knowledge encoded in high level heuristics is more uncertain and inexact when 

compared to explicit case-by-caseknowledge representations. 

Systems theory knowledge will be reliable, as will the knowledge in schematics. Knowledge 
gathered from the technicians' experiences will be more statistical in nature. 

In general, the data required to identify and locate fault conditions will be incomplete, in the 
sense that additional data needs to be collected in order to locate and rectify all fault 
conditions. The quantity of data may be small and specific, often directly relating to the 
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fault condition. Problemsolving knowledgetendsto be hugecomparedto fault condition 
data. The preliminary dataare in the fonns of alarmsand associatedinformation. Other 
infonnation directly relevantto problemsolutionsincludesreadoutson the instrumentation 
panels. 

The task of advising technicians using CMl procedures is possible for a knowledge-based 
system. While breakthroughs are not needed in knowledge-based system technology, good 
knowledge representations and inference mechanismsneed to be adopted to efficiently find 
sound solutions. 

The proposed application is not intended to replace human beings, but merely to serve as an 
advisor, and to assist in analytical tasks. The task is also concerned primarily with reasoning 
about symbolic information rather than numeric computations. Hypothesizing is heavily 
involved in the task. This is inevitable in the following kinds of situations. 

If A, then C (knowledge) 
If B, then c. (knowledge) 
C (data) 

At this point, a hypothesis about A or B is made, depending on its intrinsic probabilities, as 
well as additional evidence. 

There is a large number of possibilities, and information is intrinsically incomplete because 
gathering additional information is time consuming. Information gathering has to be guided 
by optimal use of the information already available. This can be achieved through the use of 
heuristics. The explanations and justifications will be of great help to assist the technician in 
the diagnostic process. 

The task domain is characterized by the use of expert knowledge, judgment, and experience. 
An expert can take shortcuts based on heuristics generated as a result of extensive 
experience. They also make correct judgments in the presence of incomplete and uncertain 
data. Multiple lines of reasoning are frequently used in the diagnostic task. A symptom may 
occur as a result of more than one type of fault. In this case one fault is hypothesized and an 
attempt is made to locate the fault. In case of failure, the other alternatives are pursued to 
isolate the fault condition. 

The diagnostic task involves task specific knowledge, as well as general problem -solving 
knowledge. In diagnostic tasks it is not unusual to find a unique problem. However, for 
equipment such as PVDs that have been in the field for a long time, it is rare to encounter an 
unseenfault. 
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Diverse levels of abstractionplay an importantpart in diagnostictasks. Higher levels of 
abstractionmakethe knowledgeencodingcompactand manageablein size. Lower level 
abstractionat the situation descriptionlevel allows the applicationto be relatedto the 
particular task at hand. 

Different types of problem solving behavior, such as data driven, goal driven, symbolic, 
fuzzy, and to a small extent, numeric, are necessary for the overall task. In general, there is 
one solution for each problem. Several plausible solutions may be acceptable if remedial 
action is of the same order of expenseas fmding the actual solution. Tradeoffs occur 
between time spent in diagnosis, extra cost borne by unnecessarily replacing parts, and 
potential gain in experience if the diagnosis is performed to a unique level. The solution is 
not one of several pre-enumerable solutions, but a complex nonenumerable solution. 

Potentialmisdiagnosesare usuallytolerable,since they maylead to remedialactions. The 
associatedcostsare the additionaltime to diagnosethe problem, and the time and money 
involved in unnecessarilyreplacinga pan. Partial resultsare useful in isolating the causeof 
the real problem. The taskdecisionsor solutionsgenerallyare evaluatedas either right or 
wrong. If the remedial actionremovessomeor all of the symptoms,the decisionis right. 

The ill should be designed so that I/O is not obtrusive to the main task of diagnosis. A good 
interface will anticipate the infonnation required, possible answers, and display the choices 
on the screen to allow the technician to select an item. Similarly, output infonnation may be 
presented based on perceived importance. 

Currently available software and hardware environments (Tandem-based MPSs) are not 
conducive to KBES deployment. Acquisition of a platform that can be integrated with the 
existing setup is essential. During the phasing in of the AI system, current operations will be 
selectively interrupted. The system should be designed to allow a return to existing 
operations and practices, as required. 

Specific faults can be simulated and traced through the system, and the pert'ormance may be 
evaluated as to the accuracy of the diagnosis as well as the quality of reasoning. The 
solution is the system's ability to fmd the reasons for the fault's occurrence. 

Long term payoffs will include improved MTTR, decreasedcost of repairs, and an increase 
in the average number of systems maintained by a technician. A prototype system may be 
constructed to evaluate opportunity measurement. 

4.3.1.1.4 Annlications Identified. 

a. 
b. 
c. 

Corrective Maintenance Advisor 1 (CMl) 
Problem Resolution Expert System (PRES) 
Intelligent Decoders for Equipment Readouts (IDER) 
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4.3.1.2 CM2. 

4.3.1.2.1 DescriQtion. 

There are many older systems such as Distance Measuring Equipment (DME), YORTACs, 
glideslopes, and localizers, that have considerable useful life remaining. It is recommended 
that a PRF be created (see 4.3.6.1.1..1) and distributed to the technicians for reterence during 
CM activities. Apart from this PRF, explicit KBES should be developed to assist diagnosis. 
The rule-based ES would be appropriate to these systems. In addition, machine readouts can 
be improved so that they are intelligible without the user having to consult manuals tor the 
purpose of decoding the int'ormation. 

Since the equipment has been in the tield tor some time, a rule-based ES will be adequate 
most of the time. The coverage can be expected to be satisfactory if the symptom-faults are 
recalled systematically by going through individual parts of the equipment. as well as through 
the maintenance log entries for the equipment. 

As with CM l, domain knowledge for CM2 is available at many levels: 

a. [n the associative model. an important part of the knowledge base comes trom 
observed, recorded. and analyzed symptom-fault-remedy data. Attention needs to be paid to 
defining the domains of symptoms. tau[ts, and remedies. These may be represented in 
various revels of detail, and a level judged to be most effective should be selected. 

The symptoms are described as 

1) Deviation in one or more parameter values that are either monitored or 
measured when warranted. such as during PM or CM procedures. 

2) Loss of one or more signals is a special case of deviation in parameter values. 
but may be separated becauseof the different approaches adopted to isolate the tault. based 
on the information. When a signal is lost. its loss can be traced back to the fault area that 
directly causes a signal to be abnormal. (A fault is an abnormality in a component. part. 
connection. or subassembly that causesabnormal behavior of the whole system. The 
detrimental effect of a fault may be masked in a redundant circuit or a subassembly. The 
remedy is a procedure. including adjustment or replacement of components or subassemblies. 
to rectify the abnormal behavior of a subassemblyor a piece of equipment.) 

3) Any ancillary observations such as burnt resistors, blown fuses, shorted 
transistors, and a host of other conditions. These observations are ancillary, and not primary 
in the sense that they are usually made after CM procedures are initiated, in response to 

observations of other symptoms. 
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b. Anotherkind of knowledgeis componentlevel, or signallevel, detailsavailablein 
the manufacturers'schematics.This allows the technicianto tracethe suspectsignal back to 
the origin of the fault. 

c. Knowledge from self-diagnosticsis available, togetherwith the interpretationsof 
the test resultsand the recommendedactions. Built-in test equipmentwill presentknowledge 
in the form of systemstatusand currentoperatingparameters. 

d. The breakdownof equipmentinto physical modules,the function of eachphysical 
module, and the interrelationshipsbetweenvarious physicalmodules,also constitute 
knowledgethat is useful in replacinga defectivepart at the mosteconomicallevel of 

assembly. 

e. The breakdown of equipment into functional modules (within physical modules), 
the interrelationships between different functional modules, and key signal paths, constitute 

still anotherform of knowledge. 

f. Systems theory knowledge allows the educated user to expect correct system 
behavior, discover possible anomalies, and hypothesize and diagnose reasons for the 
anomalous behavior. In the associative model, this knowledge is of less importance. 

A generalized knowledge base developed in terms of heuristics may be very effective in 
making the problem tractable. However, this approach may also introduce some uncertainty 

in the solution paths. 

4.3.1.2.2 Criteria for Assessin~the AI ADQlication for CM2. 

The assessmentof the AI application that has been selected for CM2 will be the same as 

those in section 4.3.1.1.2. 

4.3.1.2.3 The AI ADnlicationtor CM2. 

The AI applicationfor CM2 will havethe samecriteria as thoselisted in section4.3.1.1.3. 

4.3.1.2.4 Annlications Identified. 

The applicationsidentified are the sameas thoselisted in 4.3.1. 
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4.3.2 Alarm Processing. 

4.3.2.1 Descriution. 

AF provides servicesto Air Traffic (AT), thus, AF systemsand equipmentare spreadout 
over a wide geographicalarea. Each of theseresourcesplays a vital role in providing 
reliable, coherent,and consistentservicesto the users. The servicesprovided by AF are 
interdependent.If one facility or pieceof equipmentis out of service, it affectsthe 
importanceand performanceof the other services. Whenequipmentis not functioning 
accordingto the specifications,either the usersnoticethe degradationin the servicesor 
alarmswill sound. The alarm indicationsare sentto differentplaces,dependingon which 
equipmentor facility generatedthe alarm. 

A good alarm processingapplicationwould receivethe alarmsat a central location, prioritize 
the alarms, andprocessthem in order of priority. Processingthe alarms would involve 
coordinationwith appropriatepersonnel(seefigure 4.3.2.1-1). The alarm processing 
applicationwould gatherand consolidateas muchrelevantinformation as possibleand 
conveyit to appropriatepersonnel. This would allow problem-specificpreparationto take 

place in an effective manner. 

There are several problems with the current design of alarm processing in the current 
environment. The alarms are not received at a single site but at various locations, depending 
on the equipment generating the alarms. Also, many alarms indicate only the existence of a 
possible malfunction in the equipment without giving details of the malfunction. With the 
continued implementation of RMM, most alarms will be centralized at the MCC. The RMM 
equipment may also allow specific identification codes to be attached to the alarms, enabling 
a better initial assessmentof problem situations leading to improved diagnosis and site visit 
preparation. The central alarm processing software will be complex, since it must be 
compatible with a variety of equipment at different locations. For example, there are a 
number of vendors for power conditioning systems, localizers, glideslopes, and runway 
lights, and each piece of equipment may generate different types of alarms, having different 

diagnostic information content. 

The processof resolving alarmsis usuallysimple. In the caseof a single alarm the 
non-functioningof the suspectfacility is assessed.Servicesare restoredthrough alternate 
provisionsif possible,and actionto put the facility into serviceis initiated. In caseof 
multiple alarms, the alarmsare prioritized and resolvedin decreasingorder. Alarms 
concerningcritical facilities are resolvedfIrst. The prioritization may be changedif there is 
reasonto believe that the alarms for the critical facilities are a consequenceof a fault 
condition on anotherequipmentor facility. Any alarmsthatindicate disruption in facility 
servicesare of high priority. The criticality of the servicesmayvary intrinsically depending 
on externalconditions, suchas weather. In general,AT makesdecisionsregardingthe 

priority and criticality. 
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FIGURE 4.3.2.1-1. ALARM PROCESSING 
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Out-of-toleranceconditionscan causea reportableoutage, which is a disruption in service, 
for an interval greaterthan 59 seconds. For any facility, unscheduledoutagesare to be 
limited to an absoluteminimum. Therefore, the immediateresponseto an alarm is to restore 
the service throughan alternateroute or channel,and thenscheduleCM for the equipment 

causingthe problems. 

Another importantareain the alarm processingapplicationis resolving intermittentalarms. 
Intermittentalarmsare relatively rare, but they are very difficult to resolve, sincethe 
condition that causesthe fault doesnot necessarilyexist at the time of debugging. To isolate 
intermittent faults and resolve intermittentalarms,continuousmonitoring of the equipment, 
and recording of key parametersare highly recommended.In this way, the electronic 
technicianwill haveall the relevanthistory of the equipmentprior to and during the fault 
condition, thus facilitating fault isolationto a marginal LRU that might be a causeof the 

intermittent fault condition. 

Occasionally, multiple alarms are received. Sometimes these alarms may be related, i.e., a 
condition causing one alarm may also automatically cause another alarm. A KBES may be 
designed to assist a less experienced technician by indicating which alarm to address first. 

If a facility or piece of equipment requires reconfiguration, AT must be advised since they, 
as users, are in the best position to assessthe impact. Reconfiguration involves a small 
fraction of equipment in use, and most reconfigurations result in making the backup facilities 
primary. Neither the analytical nor the physical process of reconfiguration is very difficult. 
An ES could be developed to assistthe user in the process of equipment reconfiguration. 

Currently, alarms are received at different places in different forms. The System 
Maintenance Monitor Console (SMMC) receives alarms regarding abnormal status in CCCH, 
CDC, DARC, and communications. Environmentalalarmsare generallyreported by users. 
For example,problemswith air-conditioningare reportedwhenthe temperaturebecomes 
high. In the ARTCC, there is an elaboratesystemfor monitoring the environmentalsystems. 
Similar systemsare being implementedfor GNAS systems,andalarms may be designedto 
signal whenproblemsoccur, and not when they are observedby users. This will eliminate 
the delay betweenproblemoccurrenceand problemperception. This type of automatic 
alerting systemwill eliminatethe delay betweenthe occurrenceof the problemand the 

perceptionof the problem. 

It is highly recommendedto haveall alarms report to a centrallocation, suchas the MCC or 
SMMC. The MCC operatoror NOM can theninitiate appropriateactions, suchas 
reconfiguring equipmentand schedulingCM. The MCC and SMMC are good locationsat 
which to processthe centralizedalarms. For this to be possible,the equipmentwill haveto 
be fitted with RMM capability. Onerelated AI applicationthatwill improve servicesis 
monitoring the equipment. This is discussedin section4.3.3. 
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4.3.2.2 Criteria tor Assessin!! the AI AQQlication for Alarm Processin!!. 

The application will be deemed successful if the alarms are resolved in less than 60 seconds, 
thereby reducing the total number of reportable outages. The software or firmware will need 
to designate the backup equipment as primary, and advise AT about the reconfiguration. 
Subsequently, CM must be scheduled to repair the malfunctioning equipment. 

4.3.2.3 The AI AQQlicationtor Alarm Processing, 

The AI application will be a production system, and a single AI system will suffice for all 
equipment. The knowledge baseswould be extensive, and include relevant information tor 
distinct types of equipment. 

To develop a successful application, there is a need to capture different kinds of knowledge 
The knowledge sources are identified as maintenance books, NOMs in the ARTCC 
cnvironment who resolve alarms, GMCC NAS Area Specialists in the MCC environment, 
and all other personnel who resolve alarms within their jurisdiction. 

Various technologies, such as ANN. FL, and KBES, are suitable here. ANNs will allow 
generalization of training examples, thereby handling unseencaseseffectively. FL will 
decide in which cases to react immediately, and in which casesto defer decisions. A KBES 
could also be performing similar tasks. Similar applications have been reported. [13-16] 

The application is recommended for implementation in the RMMed environment where 
MCCs will be receiving most of the alarms. Currently, situations are not expected to impede 
AI applications, however, adequate time needs to be allocated for knowledge acquisition, and 
tor training of Al specialists to understand and learn the system for which the application is 

being developed. 

For the application of alarm processing, the conventional computing techniques appear to be 
unsuitable or inadequate. The alarm processing task is such that the experts are better 
performers than the beginners. The experts are currently performing the task for which the 
alarm processing application is being proposed. Each expert has approximately the same 
approach, although some variability is expected. 

Knowledge is going to be steady rather than in a state of rapid change. The reas6n is that 
the equipment has been in the field for some time, and the design has stabilized with little to 
no changes that would alter lower level (schematic level) knowledge. In general, the alarms 
and associated information will be incomplete, and additional information will need to be 
collected in order to determine the reason for the alarm being activated. The task of 
resolving the alarm is neither too easy nor too difficult for a knowledge-based system. 
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No breakthroughs are needed in knowledge-based system technology. However, good 
knowledge representation and a good inference mechanism needs to be adopted for fmding 
sound solutions efficiently. 

Different types of problem-solving behavior, such as data driven, goal driven, symbolic~ 
fuzzy, and, to a small extent, numeric, are necessary for the overall task. 

In general,there are severalcorrectwaysto resolvean alaml. One is to put a backup 
facility into operation, and dispatcha technicianto perfonn CM. Another is to acknowledge 
the alaml and operatein the degradedmodeof service. This is acceptableif the serviceis 
not essentialor critical. Potentialmisdiagnosesare not tolerable since they lead to 
continuationof degradedservices. Partial resultsare useful in narrowing down the causeof 
the real problem. The taskdecisionsor solutionsare generallyevaluatedas either right or 
wrong. If the remedial actionremovessomeor all of the symptoms,the decisionis right. 

If the AI application makes most of the decisions autonomously, the ill does not have to be 
extensive. The ill only has to advise the user of the action taken, and provide a means of 
overriding the system action. 

Currently available software and hardware environments (Tandem-based MPS subsystem)are 
not conducive to system deployment. Acquisition of a platform that can be integrated with 
the existing setup is essential. During the phasing in of the system, current operations will 
be disturbed somewhat. The system can be designed so that it is possible to revert to 
existing operations and practices, as needed. 

Some alarm situations may be simulated and the reasoning traced through the system. 
Performance may be evaluated based on the accuracy of the diagnosis, as well as the quality 
of the reasoning. Long term payoffs will include a reduced number of outages, 
well-prepared site visits for repair, and reduced MTrR for equipment. 

The system may be constructed incrementally to include the alarms processed by the 
application at the MCC one-by-one, thus providing the ability to evaluate the system as it is 
being built. 

The need for the task is expected to continue without significant change due to FAA 
directions for several more years. The delay or non-implementation of this applitation will 
not adversely affect the development of other projects. It is recommended that a significant 
number of facilities be RMMed prior to implementation of this application. 
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4.3.2.4 AQQlications Identified. 

Alann Processor Expert System (APF$) 
Multiple Alann Processor (MAP) 
Reconfiguration Expert System (RES) 

a. 
b. 
c. 

4.3.3 Monitoring. 

4.3.3.1 Descrintion. 

Monitoring involves comparing observations to predictions, and hypothesizing the state of the 
equipment using sensor data and interpreted data. It is an integral part of alarm processing. 

There are two applications in the monitoring area, as follows: 

a. Data acquisition. The first AI application is to monitor and capture the state of the 
equipment (in terms of key parameters and other suitable data points) at the time when an 
alarm occurs. This will provide a technician with the relevant history of the equipment prior 
to and during the fault condition, thus facilitating the job of isolating the fault to a specific 
LRU. This function is already incorporated into newer equipment such as the Second 
Generation VORTAC and ASR-9. As a matter of fact, there is too much data provided, and 
the technicians would prefer to see only the relevant data. A simple KBES application 
should be developed that suppressesirrelevant data, and presents only the data that are 
relevant and desirable. Menu driven options may be provided, allowing the technician to 
selectively display and print suppresseddata. NNs and FL are also strong candidates for this 

application. 

b. Analysis and report generation t'or anticipatory fault conditions. The second AI 
application would monitor and analyze key parameters periodically and automatically, and 
report unusual trends in a parameter so that the AI application may serve as an early warning 
system. At the simplest level this application will alert appropriate personnel (by means of 
an alarm or printout) whenever any key parameter is outside the allowable range. In this 
case, the technician will identify parameters that are out of tolerance, take appropriate 
corrective action, and have maintenancescheduled. This is important becausethe user may 
not notice degradation in service until much later. Another variation of this application is to 
alert the technician about parameters that are degrading systematically, even though they are 
still within the allowable operating range. Thresholds for reporting these alarms may be set 
to avoid receipt of too many false alarms. KBES, ANN, and FL are the candidates for this 

application. 
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4.3.3.2 Criteria for Assessing of the AI Aoolication for Monitoring 

The application will be deemed successful if the state of the equipment is captured at the time 
of the alarm, thus giving the technician more information for fault diagnostics. The 
application will also be deemed successful if it helps to predict failures before they occur, by 
analyzing trends in the key parameters. 

4.3.3.3 The AI AQQlication for Monitoring. 

The AI application will be a production system. A single AI system with a different 
knowledge base for each piece of equipment will suffice for all equipment. The knowledge 
bases would be extensive, and include relevant information for distinct types of equipment. 
Adequate knowledge about monitoring is available from NOMs. MCC Specialists and 
maintenance handbooks. 

Various AI technologies, such as ANN, FL, and KBES, are suitable for monitoring. ANN 
will allow for generalization of training examples, thereby handling unseencases effectively 
FL will decide in which casesto react to immediately, and in which cases to deter the 
decisions. The KBES could be performing similar tasks. Other applications have been 
reported. [5-16] After an adequatenumber of systems have been RMMed, this KBES 
application is recommended. In the extensively RMMed state, the system will be able to 
sample the key parameters at a regular interval. 

Currently, situations are not expected to impede Al applications, however, adequate time 
needs to be allocated tor knowledge acquisition, and for training AI specialists to understand 
and learn the system for which the application is being developed. 

For the application of monitoring, conventional computing techniques appear to be unsuitable 
or inadequate. Knowledge exists to pertorm monitoring tasks for which this application is 
suggested. The primary knowledge sources identified are the SEs and the maintenance 
handbooks. 

Knowledge is going to be steady rather than in a state of rapid change. This is because the 
equipment has been in the field for some time. and the designs have stabilized with limited 
change orders expected that would change lower level (schematic level) knowledg~. . 
The monitoring is neither too easy nor too difficult for an Al system. and no breakthroughs 
are needed in AI technology in order to develop this application. However, a good 
knowledge representation and a good inference mechanism should be adopted tor efficiently 
capturing the state of the equipment, and detecting potential problems that may result in a 
t'ailure of the equipment in the future. 
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Monitoring cannotbe further decomposedinto simplertasks. There is not a significant 
amountof hypothesizinginvolved in the taskof capturingthe stateof the machineat the time 
whenthe alarm occurs. However, thereis somereasoningpresentin analyzingthe trendsin 
the key parameters,and predictingprobableequipmentfailures. The explanationsand 
justifications will be of greathelp to the MCC specialistand NOM in assistinghim or her in 
the monitoring process. 

Incorrect capturingof the equipmentstateis not tolerablesince it may misleadthe technician. 
An incorrect predictionregardingequipmentfailure is also undesirable,sinceit may generate 
an unacceptablelevel of falsealarms. 

The ill must present the state of the equipment to the user, in terms of key parameters, at 
the time an alarm occurs. In the case of predicting a failure, the AI application must present 
the history of relevant parameters. 

Currently available software and hardware environments (Tandem-based MPSs) are not 
conducive to system deployment. A better platform, that can be integrated with the existing 
setup, is recommended. 

During the phasing in of the system, current operations will be disturbed somewhat. 
However, the system can be designed so that it can return to existing operations and 
practices, as needed. Long-term payoffs will include a reduced number of outages, better 
prepared site visits for repair, and reduced MTTR for equipment. 

The system may be constructed incrementally to capture the state of the equipment, or 
sample the key parameters of the equipment one-by-one, thus evaluating the system as it is 
being built. 

4.3.3.4 AQQlications Identified. 

a. Intelligent Filter (IF): Modernequipment,suchas the SecondGeneration 
VORTAC and ASR-9, generatelarge quantitiesof datawhen error conditionsare sensed 
during operations. A NN is recommendedfor presentingonly the relevantdata, so that 
techniciansdo not haveto sift throughunwanteddata. 

b. Fault Anticipator (FA): NNs can also be usedto detectand analyzetrendsin the 
key parametersand forecastprobablesystemfailures, thusenhancingPM and reducingthe 
numberof unscheduledserviceinterruptionsand failures. 

c. Expert Monitoring System(EMS): 
combiningthe KB~ and ANN technologies. 

This will be an ENN-based application 
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4.3.4 Administrative Functions. 

4.3.4.1 Descri~tion. 

This section describes some of the administrative functions that are performed by the 
technicians and unit supervisors within the framework of AF maintenance. The 
administrative duties in AF maintenance consist of: 

a. Completion of Form 6030-1. For every CM and PM action, technicians must 
complete a Facility Maintenance Log (Form 6030-1) or its automated equivalent. The 
technician records arrival and departure dates and times, and whether PM or CM was 
performed. Additional details, such as problem descriptions, symptoms observed, and 
actions taken can also be recorded, with the entries being initialed by the responsible 
technician. The logs are preserved for three years (yellow copy at site, white copy at the 
sector or sector field office). 

b. Completion of Form 6000-8. For every CM and PM action, technicians must 
complete a Technical Performance Record (Form 6000-8) on which key equipment 
parameters are recorded. Occasionally a potential problem is spotted by looking at these 
forms, and additional maintenance is scheduled at the discretion of the technician in 
consultation with his or her supervisor. 

c. Completionof otherforms suchas FAA-4650-10, FAA-6040-4, and 6040-3. The 
Warranty Failure Report(FAA-4650-10)identifiesand describesthe natureof failure, its 
probablecause,and suggestionsfor correction. The EquipmentFailure Report (6040-4)is 
completedon an as required basis. Dataare usedto provide feedbackfor equipment 
improvement.The form is usedon a specialcasebasisand is not availableat all facilities. 
Facility and ServiceOutageRepon (6040-3)is usedto report facility and servicesoutages, 
and is then forwarded throughregional offices to the National AirspacePerformance 
ReportingSystem,which analyzestheserepons. Theserepons are availableon the MMS as 
Log InterruptionReports. 

d. Maintenance Scheduling. The unit supervisors schedule PM and certification 
visits. Currently, the MMS can generate reports for all the equipment for which 
maintenance is due in the forthcoming period (week, 15 days, or a month). However, the 
unit supervisor has the responsibility of actually allocating tasks to the technicians. 
Overlapping coverage is necessary to allow scheduling of PM requiring two people. Factors 
taken into account when developing work schedulesinclude assuring a minimal impact to the 
users, meeting the PM schedule deadlines, maintaining approximately equivalent workloads 
across technicians, and the experience and capabilities of the technicians. 
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In the future, if a technician will be responsible for a greater number of facilities and 
equipment, there will be more conflicts in scheduling tasks. For this reason, an integrated 
software package may be designed that schedules not only the PM tasks, but also personnel 
assignments. Coordination with AT will continue and planning ahead will result in fewer 
conflicts with user requirements. Also, contingency planning may be accomplished with 
commercial off-the-shelf (COTS) items such as SuperProject Plus and similar products. 
Paperwork completed by technicians will be limited to completing Form 6030-1 and trend 
analysis forms. There will be no additional paperwork apart from ordering required parts, 
updating the manuals, etc. 

The manual entries on Fonn 6030-1 are not currently consolidated to generate a nationwide 
report for a system. However, with MMS, failure reports can be consolidated across the 
nation for an equipment type, if desired. An application to enhance CM would be to create a 
PRF for each type of equipment. This file may be created from scratch, or by accessingthe 
MMS entries and rearranging the contents to serve the purpose. A PRF will be set up for 
each system type, where symptoms, faults, and corrective actions are logged for the benefit 
of technicians faced with similar problems. An AI application of creating a FRS is discussed 
in section4.3.6. 

Before going to a site for CM, a technician can study the symptoms, visualize the problem, 
and develop a strategy to troubleshoot the problem. It would be beneficial to have a 
checklist, which can be easily prepared by a computer. Such a list will be particularly useful 
for equipment that needs to be repaired with special tools. 

4.3.4.2 AQQlications Identified. 

In the area of administration functions, five potential applications were identified: 

a. Automatic monitoring of the parameterscontainedin Form 6000-8form. 
applicationhas beendiscussedin greaterdetail in section4.3.3. 

b. Conversionof all paperforms to an electronicversion. 
discussedin greaterdetail in section4.3.5. 

This applicationhas been 

c. Consolidationof Form 6030-1andMMS log entriesto generatea PRF. 
applicationhas beendiscussedin greaterdetail in section4.3.6. 

d. Providing an automaticchecklistfor a techniciangoing to a site. An automated 
checklistcan be generatedon a laptopcomputer. 

e. Schedulingof the technicianscanbe donewith COTS softwaresuchas 
SuperProjectPlus or Microsoft Project. 
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4.3.5 Information Retrieval. 

4.3.5.1 DescriQtion. 

Based on the interview sessionswith the SEs, the technicians and the supervisors, it is 
recommended that the maintenance documentation, such as technical instructions (n) and 
schematics, be transferred to electronic media. The electronic documentation will be easier 
to maintain and update. The Boeing Corporation has undertaken a similar project. A typical 
300 page manual will need 5-10 MB of storage (without pictures). A 300 MB removable 
hard drive or a built in hard drive can contain as much information as is contained in 30 
maintenance volumes. Bulkier documentation can be put on writable optical diskettes. 

After the documentationis on electronicmedia,the aim of the ES will be to: 

Retrieve exacttext from the on-line document.a. 

b. Allow a technicianto askthe ES a question,and the ES would retrieve the exact 
text. 

Incorporategraphicsinto the scope.(This would be a long-term project.)c 

Some of the following difficulties may be encountered, but overcome with an ingenious 

approach: 

a. Foldout diagrams giving the entire picture of a system component will be difficult 
to represent on a single screen. Bigger screens will alleviate this problem. 

b. High resolution pictures (bitmapped raster-scanned images) will require large 
amounts of storage. 

Electronic documentation will be used by all technicians in both the ARTCC and GNAS 
environments. 

4.3.5.2 Criteria for Assessing the AI Agglication for Information Retrieval. 

The AI application for infonnation retrieval has a well-defined goal of moving all' 

a. 
b. 
c. 
d. 

Ease of maintaining (updating) the documentation. 
Ease of accessand use of the documentation. 
Time saved in searching for a required segmentof the documentation. 
Ease of making comments in the margins of the documents. 
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4.3.5.3 The AI AQQlication for Information Retrieval. 

The advantagesof the AI applicationfor infonnation retrievalinclude: 

a. 
b. 
c. 
d. 

Automaticupdatingof manualsfrom a centrallocation. 
Documentationoccupyingless space. 
Portability. 
Reusablemedia. 

Expectedbenefitsversusexpectedcostswill haveto be assessedfrom prototype efforts in 
one area (or equipment). 

There are advantagesassociated with electronic documentation, and this technology is 
essential. A similar application is being pursued by the Boeing Corporation, as well as many 
other companies dealing with maintenance operations. The existing approach is adequate, 
and will be satisfactory in future FAA operations. 

A list of all the documents used by the technicians may be compiled to estimate the volume 
of data to be transferred to the electronic media, and detennine the required size of the 
media. The transfer of documents to electronic media is a one-time task, and periodic 
updates can be made to the documents. The level of difficulty and amount of time required 
to perfonn the task will depend on the method used to transfer the document contents to 
electronic media. Document transfer using scannerswill be fast, but may be prone to errors. 
Manual or semiautomatic transfer may allow graceful inclusion of figures, pictures, and 
tables. 

The document transfer task and expert information retrieval are far from trivial. They are on 
the leading edge of AI and hypertext technologies. The tasks do not lend themselves to 
incremental prototyping and modifications. Information retrieval involves real-time 
interaction with the users of the system. The task requires construction of a complex ill. 

Introduction of the application will not have any adverse affect on the current operations and 
practice, and the system is expected to be phased into use gracefully, using progressive 
releases. The information retrieval system may be tested by attempts to retrieve selected 
portions of the text. The user confidence and feedback will verify and validate the 
application. i 

4.3.5.4 AQQlicationsIdentified. 

Expert MaintenanceManual. 
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4.3.6 Problem Resolutions. 

4.3.6.1 Descri12tion. 

A technicianreceivesa call to repair a systemor equipmentproblem. Usually the technician 
receivesadditional information regardingthe symptomsthat servesas a basis for the belief 
thatthereis somethingwrong with the equipment. The technicianthen carries out the 
diagnostics,fault detection, fault isolation, and repair. After the repairs are completed,the 
systemor equipmentbecomesoperational. He or she thencompletesForm 6030-1, or fills 
out an MMS log entry, which is retainedfor 3 years. If the processof gatheringinformation 
during fault detection, fault isolation, andrepair could be capturedusing an intelligent 
system,it could savetechnicianstime during diagnosticactivities. 

Three applicationsare recommended,basedon the problem resolutionprocesspreviously 
described: 

a. 
b.c. 

Problem Resolution Classifier (PRC). 
PRES. 
Expert Neural System Help Desk (ENSHD) 

In each case, the technician or user will enter the symptom(s) and any other available 
information. The PRF databaseand its corresponding knowledge baseswill be used for 

developing the fmal recommendations. 

4.3.6.1.1 PRC. 

A PRC is designedto track problemsand their associatedresolutions(seefigure 
4.3.6.1.1-1). The PRC will usethe databasedeveloped,using6030-1 forms, the PRF, and 
MMS entries. The PRC is a simpleNN-basedsystemtrained with datafrom the PRF. It 
will advisetechnicianswhich coursesof actionto take, suchas repairs. 

4.3.6.1.1.1 PRF Database. 

PRFs may be created from existing records, and distributed to the technicians for reference 
during CM activities. It is recommended that the PRF be updated either automatically from 
entries in the MMS system or entered manually at the end of each CM activity. Entries in 
the MMS system are recommended, since the MMS system can be made to automatically 
classify entries according to equipment type. The technicians will need to be instructed as to 
the correct way to enter the data, so that the MMS can correctly index symptoms, faults and 
remedies. Also, the MMS will have to be modified so that duplicate entries are not 

produced in the PRF. 
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FIGURE 4.3.6.1.1-1. PROBLEM RESOLUTION CLASSIFIER 

4.3.6.1.1.2 ASSUffil2tions. 

It is assumed that the contents of Form 6030-1 or MMS entries will provide the bulk of the 
information that will go into the file. The experts will also contribute to the file. 

4.3.6.1.2 PRES. 

PRES is an automated diagnostic ES that will aid in diagnosing and resolving faults in a 
more comprehensive manner (see figure 4.3.6.1.2-1). It will also provide explanation (how
and why), and hypothetical reasoning (what it) capabilities to the user. ; 

PRES will contain knowledge from the manufacturer's trouble-shooting guide (declarative 
knowledge), and technicians' problem solving knowledge (experiential knowledge base). It 
will also interface with the PRF to extract or modify data from the experiential knowledge 
base. A natural language front end will provide answers to queries. 
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FIGURE 4.3.6.1.2-1. PROBLEM RESOLUTION EXPERT SYSTEM 
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4.3.6.1.3 An ENSHD. 

This system will be a combination of the PRC and the PRES previously described. 
Depending upon the nature of a problem, the HelpDesk can be used as a tracker, or as an 
intelligent ES. A schematic is shown in figure 4.3.6.1.3-1. 

4.3.6.1.3.1 PotentialProblems. 

In order to retrieve a symptom-fault-remedyfrom the PRF, the technicianmustenterprecise 
symptoms. Otherwise,a flexible pattern-matchingalgorithm mustbe usedto makeimprecise 
inputsacceptable. While building the PRF, care mustbe takenthat multiple recordsfor the 
identical symptom-fault-remediesare not input and retained. 

4.3.6.2 Criteria for Assessingthe AI Agglication for Problem Resolutions. 

The AI application tor problem resolutions will be deemed successful if a less experienced 
technician can repair a system or equipment in the same amount of time as an expert. Other 
successcriteria will include a user friendly interface that tolerates input errors (a necessary 
condition given that technicians are not keyboard operators), successful recall of relevant 
cases in the database, and ease of inputting new cases for future benefit. 

4.3.6.3 The AI AQQlication for Problem Resolutions. 

The goal is a productionsystem. The prototypesystemwill be designedto read 
MMS-createdfiles and entries from 6030-1 forms. Theseentrieswill be storedand retrieved 
accordingto specific functionkeysassignedby equipmentand malfunctiontype. A 
menu-driveninterface may be provided for the retrieval of symptom-fault-remedies. 

The knowledge to be captured is a mixture of expertise, maintenance handbook information, 
and interpretation of normal and anomalous test results and observations. 

All AI knowledge will be represented in the same form, (i.e., symptom-fault-remedies) 
however, the content of the knowledge is fairly diverse. Within the same equipment, 

different kinds of subassemblies,(e.g., electronics, mechanical, and pneumatic) will have 
different knowledge associatedwith it. ; 

The knowledge captured for the symptom-fault-remedy mode is primarily restricted to field 
experience. A PRF may be constructed from the maintenancelog entries for equipment 
located throughout NAS. The knowledge captured from these entries will usually be 
complete (i.e., observed symptoms are recorded along with what was wrong, and what 
corrective action was taken). 
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A PRF will be only partially useful sincethereis no field experiencefor new equipment. 
Manufacturersmay be able to help during the initial effort by providing dataregarding most 
probablefailures, symptoms,and remedies. This" starter" databasecan be updatedas field 
experiencegrows. 

Sincethe samesymptomsmay occur for different faults, symptom-fault-remedies..maynot be 
unique for eachsymptom. To this extentthere will be someuncertaintyas to which action 
to take (i.e., which symptom-fault-remedyto follow). In this case,one fault is hypothesized, 
andan attemptis madeto locateit. In caseof failure, the alternativehypothesesare pursued 
to isolatethe fault condition. 
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It is not unusualto find a novel situation. This makesit advisableto haveknowledge 
encodedat a level higher than that of situationaldescription. This will allow the userto 
generalizeabouta situationof interestthathasnot beendirectly encounteredbefore. 
Explanationsandjustifications will assistthe technicianduring the diagnosticprocess, 
therefore, it will be helpful to add remarksto the symptom-fault-remedies. 

In general,there is a single solution. Severalplausiblesolutionsmay be acceptableif 
correctiveaction, basedon all of them, is on the sameorder of expenseas finding the actual 
solution. Tradeoffs occur betweentime spentin diagnosis,and extra costborne by 
unnecessarilyreplacingparts. They also occur with potential gain in experienceif the 
diagnosisis doneto the mostspecific level. 

In general, the data used for fault isolation may not be adequate to diagnose the problem 
immediately. In shon, knowledge will be reliable to a great extent, but there will be some 
uncenainty for unusual or complicated faults. The unusual and complicated faults should be 
covered by embedded deep knowledge. 

Deep knowledge can best be explained by exemplifying and contrasting shallow knowledge. 
An example of shallow knowledge is that of a layman who takes an aspirin when he has a 
headache. The remedy works most of the time, however, it is the doctors and the 
pharmacists who know the way in which aspirin works to alleviate headaches. They can also 
distinguish different kinds of headaches,and other medical conditions for which they know 
different prescriptions and procedures. The knowledge possessedby the doctors is deep 
knowledge, and that possessedby the layman is shallow knowledge. It is likely that an 
unseenfault will occur or that a new fault cannot be categorized according to one of the 
cases previously encountered. It is these previously unseencases that should be covered by 
embedded deep knowledge. 

Diverse levels of abstraction are useful during the diagnosis. Higher levels of abstraction 
make knowledge encoding compact and manageablein size. Lower level abstraction at the 
explicit situational level allows the application to be related to the particular task at hand. 

For observed,recorded,and analyzedsymptom-fault-remedies,attentionneedsto be directed 
to defIning the domainsof symptoms,faults, and remedies. Theseitems may be represented 
at various levels of detail, and a level determinedto be mosteffective will be selected. The 
symptomsmay be describedas: . 

a. Deviationin one or more parametervaluesthatare either monitoredor measured, 
suchas in CM or PM procedures. 

b. Loss of one or more signals. This is a special case of deviation in parameter 
values but may be separatedbecause potentially different approaches may be adopted to 
isolate the fault based on the information. 
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c. Auxiliary observationssuchas burnt resistors,blown fuses, shortedtransistors,or a 
hostof other conditions. Theseobservationsare auxiliary, and not primary, becausethey are 
usuallydiscoveredafter CM proceduresare initiated in responseto observationof other 
symptoms. 

The applicationrequiresa symptom-basedindexing mechanismfor storage,search,and 
retrieval of soundsolutions. The overall constructionof the PRF may be decomposedinto 
severalillB files. This may add convenienceto the constructionand maintenanceof the 
system. It is alsoadvisable,however, that all theseflies be accessiblethrougha single ill. 

For the PRF, the ill is query-responsetime. The user maygive the symptoms,and expect 
enumerationof possiblefault conditionsand their remedies. The diagnostictaskinvolves 
significantreal-time interactionwith devices,and sometimesspecialsoftwareprograms. 

The designof the UI may not be straightforward. There are two aspects: 

a. The ill is to be designed so that I/O is not obtrusive to the main task of diagnosis. 
One way to enter information is through keyboard entries. Electronic technicians are not 
keyboard operators, and may be inept at such a task. A good interface will anticipate the 
information required from the user, as well as possible answers to users queries, and project 
the relevant information on the screen. The technician can then select an item from a 
presented list. 

b. Outputinformation may be presentedbasedon its importanceand relevanceto the 
technician. 

Potential misdiagnoses are tolerable since they lead to corrective actions that do not correct 
the original problem, and the diagnostics simply continue. The costs are the additional time 
to diagnose a problem, and the time and money involved in unnecessarily replacing a part, if 
this occurs. Partial results are useful in narrowing down the cause of the real problem, and 
are helpful in accelerating diagnosis, as well as in intermittent fault situations where more 
focused monitoring may be initiated. 

Taskdecisionsor solutionsare generallyevaluatedas correctif the actionremovessomeor 
all symptoms. Decisionsmay be basedon the level of belief (e.g., hypothesis-testselection), 
but in generalare not from betweenclosealternatives. . 

There are someinherentdifficulties in applyingthe AI application. The datarecordsare 
createdand accessedby the MMS systemon Tandemcomputersrunning the Guardian 
operatingsystem. A new IDB applicationwill haveto be written thatcan either usethe 
MMS recordsas they are, or can createits own databaseof records. In either case,the 
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MMS recordswill haveto be accessedand interpretedat leastonce. This may involve 
securityand otherrestrictions. Furthennore, if the IDB is designedto operateusing the 
existing MMS records, therewill be problemsdue to duplicaterecords for the same 
symptom-fault-remedies.Indexing symptomswill also be difficult. 

The applicationis highly desirable,and a great assetin the MCC environmentbut, currently, 
the availablesoftwareandhardwareenvironmentsare not conduciveto illB deployment. 
There is a needfor a good platform that can be integratedwith the existing setup. 

Current operations will not be disturbed with the introduction of a PRF. The AI application 
can be designed so that operations can revert to existing practices, as needed. The 
application will support central control and diagnostic capability, which will assist in the 
planning of site visits for repair problems. In the long term, the payoff may be revealed as 
improved M1TR, lower cost of repairs, and higher average number of systems maintained 
by an electronics technician. Another payoff of this application will be the ability of less 
experienced technicians to diagnose faulty equipment. Through this application, the national 
expertise will be available within each AF sector. These systems will also be able to 
preserve expertise in old and rare equipment. 

The PRESdevelopmentis an independentproject anddoesnot impedethe developmentof 
other projects. 

4.3.6.4 Auulications Identified. 

PRC 
PRES 
ENSHD 

a. 
b. 
c. 

4.3.7 Certification. 

4.3.7.1 Descril2tion. 

The certification procedure reflects authorized verification by a technician that the equipment 
is operational, and within the preset tolerances and specifications. The issues concerning AI 
applications of certification tasks are very similar to those for PM. 

The following observations concerning certification are based on site interviews, as well as 
on-site observations. A summary of the findings, together with comments and suggested 
improvements in the MCC environment, follows. 

Since PM involves checking equipment parameters, it is frequently followed by certification 
to save additional labor. Equipment is also certified after CM in every case that involves 
changing or tuning of certification parameters. Typically equipment and service is certified 
monthly, but, depending on the equipment or service, it may be certified daily. 
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The final judgementthat the facility is certifiable is basedon someor all of the following, 

dependingon the system: 

a. Performing physical inspections. A checkfor worn parts and corrosionis 
performed,as well as other proceduressuchas checkingof battery fluid levels and specific 

gravity. 

b. Reading key parameters. If any parameters are found to be out of tolerance, they 

are brought back within the specified parameters. 

c. Running self-diagnostics on the system. The CCCH, DARC, CDC, ARTS II, and 
ARTS ill may be certified by running diagnostic tests alone. Much of this equipment is 
automated. Certification of other equipment often involves PM procedures, physical 
inspection, reading of key performance parameters, etc. 

d. Performing PM procedures according to the TIs and manuals. This may include 
box by box functional testing, testing of backup systems, injecting test signals and observing 

output, simulating fault conditions, and observing system response. 

e. Perfonning visual checksof equipmentand servicestatusindicators. Paradyne 
(and other) modem-errorindicationsare provided by statuslights on the control panels. 

Many of the certification proceduresare performedby following the FAA maintenance 
handbooksand TIs. 

The maintenance handbooks are created and provided by the FAA, while the TIs are usually 
provided by the manufacturers. The maintenance handbooks are used for mandating PM and 
certification intervals. They also specify allowable tolerances for the key parameters, and the 
TIs provide sequencesof operations (step-by-stepprocedures) for adjusting various 
parameters. Technicians in some areasprepare simplified reference sheets that describe the 
comprehensive procedures in a much smaller space (e.g., display generators and CDC area). 

As equipmentis RMMed, it will be possibleto initiate self-diagnostictestsremotelyfrom the 
MCC or work centers. This is currentlybeingimplemented,and will increaseover time. 

Questionswere askedin order to identify certification tasksthat are difficult to perform. 
Thereare no additional difficulties other than thoseassociatedwith performing PM 
procedures. Most of thesedifficulties are physical in nature, and therefore, AI applications 
would be of little use in alleviatingthem. 
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At the current stageof MCC implementation,only a limited numberof diagnostictestsor 
certification taskscan be initiated from the MCC. Therefore AI applicationsare not 
recommendedat this time. Future equipmentdesignsare taking remote testinitiation into 
consideration,which will makeit possibleto certify more equipmentremotely from the MCC 
or work center. In this end state,an AI applicationshouldbe developedfor automatic 
certification. 

4.3.7.2 Anulications Identified. 

There are no applications identified for the present environment but, as more systems come 
under RMM, an AI application should be developed for certification. 

4.3.8 Training. 

4.3.8.1 Descri~tion. 

A well-trained technician is an assetin the FAA work environment. A trained and 
experienced technician performs a given task quickly, efficiently, systematically, and 
thoroughly. The objective is to train technicians to meet current and future needs, in a 
dynamic environment, incorporating modem technology. There are several obstacles to 
overcome if this goal is to be met. 

The technician'sworkload at the work centersprecludessufficientnumbersof technicians 
being sentfor training at the sametime. Also, the frequencyof training coursesgiven at the 
FAA Academy, on new equipment,is low. Academytraining cannotbe totally replacedby 
existing CBI becausethe techniciansget handson experienceat the Academythat CBI cannot 
provide. There is also theoricial materialto be learned, which is besttaughtwith two-way 
instructor-studentcommunication. The CBI doesnot provide this, however,a compromise 
may be possible. Video or PersonalComputer(PC)-basedcoursesmay be developedfor 
preparatorycoursesas well as self-pacedrefreshertraining. This may allow shortercourses 
at the Academy, thus enablingmorecoursesto be offered, as well as increasedparticipation. 

PC-basedinstructional material maybe developedto cover simulatedfault conditions,and 
desiredresponsesto minimize outagesand outagedurations. Theseconditionsmaybe 
rehearsedin site-specificconfigurations. Suchtraining is going to be of increasingvalue 
sincenew equipmentemploying modemtechnologywill be more reliable, thuso~feringlittle 
collective hands-onexperienceby way of CM. For this reason,intercommunicationswill 
play an important role. This canbe achievedusing a well designedPRFanda national 
bulletin board, sharingproblems,solutions,and experiencesbetweendifferent sectors. 
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An intelligent tutoring system (also called an adaptive trainer) based on an Expert Neural 
System (ENS) will be of immense use to the technician. This system will adapt to a 
technician's individual capabilities. Such a system will have explanation (why, what, how, 
and what it) capabilities. Using explanation capabilities, a user can select certain types of 
information from the display, and the system will automatically reconfigure the way the 
information is presented. The main issue is implementing learning in such systems. 

The key to building sucha training deviceis the useof learningand scenariomodeling 
techniques. The ENS would learn to makedecisionsby usinga training set from the PRF 
(for a systemor a pieceof equipment). It would be given botha collectionof data, and the 
decisionit is intendedto make for a particular collection. Severaltraining setswill be used 
for training purposes. An intelligenttutoring system,onceprogrammed,will be able to 
distinguishthe samefeaturesin otherdata, and can makedecisionsaboutdatafor which it 
hasnot beenprogrammed. 

PC-based applications are useful by-products of ES developments such as CM applications 
and the problem resolution ES. The technician will be able to initiate simulations of fault 
conditions to test and refresh their knowledge with the help of system recommendations. 

4.3.8.2 Criteria for Assessinl! the AI AuQlication Selection for TraininE!. 

The application has a well-defined goal of supplementing FAA Academy training with 
PC-based training, and an intelligent tutoring system. It will be deemed successful if: 

a. The PC-based instruction helps to reduce the Academy training duration without 
sacrificing the quality of the training. 

b. The PC-basedinstructionkeepsthe technicians'knowledgecurrent for the 
equipmentthey maintain. 

c. Easyaccessto the training materialhelps train more techniciansso that the 
equipmentin a sectoris coveredby a greaternumberof technicians. This would help reduce 
the load imbalanceon the techniciansand increasethe availability of expertise. 

d. The PC-based instruction is easy to follow, and meetsthe need for self-paced 
training by accommodating individual differences in learning, as well as the amount of time 
available during the training. 

e. The intelligent tutoring systemis realistic, adaptable, flexible, and modular. It can 
be used on-line or off-line by technicians. A trained ENS will provide quick access to 
problem solutions. 
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4.3.8.3 The AI Auulication Selection for Training. 

The advantagesof the selectedAI applicationare that: 

a. 
b. 
c. 

Training will be more accessible. 
More expertisewill be availableas a resultof training more technicians. 
Refreshertraining will be availableto a technicianondemand. 

4.3.8.4 A12121icationsIdentified. 

The following applicationshave beenidentified for possibleAI application: 

~-based preparatorycoursesfor Academytraining on PCs.a. 

Refreshertraining, including fault conditionsimulationson PCs.b. 

c. An intelligent tutoring systemusingENS technology,including learning and 
scenariomodelingtechniques,on a workstation. 

4.3.9 PM. 

PM is maintenance performed on equipment so that conditions that can cause imminent 
failures are recognized and rectified. 

4.3.9.1 Descri12tion. 

Most of the PM proceduresare the sameactionstakento certify equipment. The PM 
proceduresare comprisedof the following actions,dependingon the type of system: 

The technicianchecksfor worn parts, corrosion, and othera. Physicalinspections. 
deterioration. 

b. Cleaning,lubrication. This keepsthe equipmentin good operatingconditionand 

appearance. 

c. Readingkey parameters. If anyparametersare found to be out of tolernnce,the 
technicianadjuststhem, or takesfurther action suchas coordinatingflight inspection. 

d. Running self-diagnosticson the system. SomePM functionscan be performed on 
CCCH, DARC, CDC, ARTS IIA, and ARTS IllA equipmentby running the system'sself
diagnosticsoftwareto identify any potentialproblems. 
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e. Performing PM proceduresaccordingto TIs and handbooks. This may include box 
by box functional testing, testingof backupsystems,injecting testsignalsand observing 
desiredoutput, simulating fault conditions,and observingsystemresponse. 

f. Performing visual checksof equipmentand servicestatusindicators. Paradyne 
(and other) modem-errorindicationsare provided by statuslights on the control panel. 

Many of the PM proceduresare performed initially by following the TIs. After considerable 
experience,the daily, weekly, and sometimesmonthly PM proceduresare performed without 
consultingthe TIs. However, the quarterly, semiannual,and annualPM proceduresare 
performed by consultingthe maintenancehandbooksand TIs, sincethere is less familiarity 
with thoseprocedures. 

Technicians in some areas prepare simplified reference sheets that describe comprehensive 
procedures in a much smaller space. Paperless documentation may be accomplished by 
putting the maintenance documentation in electronic media (see section 4.3.4). 

The diagnostic and test equipment used by the technicians consists of standard multimeters, 
oscilloscopes, as well as specialized test equipment. The specialized test equipment required 
depends on the system maintained. New systems, such as the ASR-9, have embedded 
automated test equipment and specialized test equipment left on-site. Localizers and 
glideslopes have some specialized equipment that is carried to the site. On the other hand, 
the CCCH does not have much specialized equipment although it has a set of software-driven 
diagnostic tests. 

Some systems, such as the CCCH, CDC, DARC, and ASR-9, have adequate self-
diagnostics, while others, such as some PCSs and communication equipment (paradyne) have 
limited self-diagnostics. Self-diagnostics are initiated at power up, and as a part of PM 
procedures. As equipment is RMMed, it is possible to initiate the self-diagnostic tests 
remotely from MCCs or work centers. 

Many PM procedures are difficult to perform for various reasons. Theseproceduresinclude: 

a. Maintenanceproceduresrequiring coordinationbetweentwo or more people. For 
example, flight inspectionsfor radar and navigationalaid facilities were consideredto be 
difficult. . 

b. Adjusting the power supply voltage in the CDC to achieve load balancing. The 
setting is highly critical and unstable. Making adjustments to the long-range radar circuits 
containing vacuum tubes is a task that must be performed frequently. 
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Tasksrequiring the cleaningof equipment.c. 

d. Lubrication. These tasks are difficult becauseof inaccessibility of the equipment. 

These tasks are difficult because they involvee. Servicingoverheaddisplayscreens. 
lifting of heavyequipment. 

The sourcesof difficulty in thesePM proceduresare not analytical in nature, and therefore 
are not consideredas candidatesfor AI applications. However, it was broughtup during the 
interviews that a systemthat could anticipatefault conditionsin equipmentwould be 
beneficialto the technician. AI, therefore, mayhavesomeplacein facilitating certain 
closely associatedactivities suchas maintenancelogging, monitoring, and certification. 

4.3.9.2 AUulications Identified. 

A system for anticipating fault conditions is aThere are no applications identified at present. 
future application. 

4.3.10 Summ!!IY of Recommended AQQlications 

4.3.10.1 CM1. 

a. Description: CMl will perform fault interpretation,fault correction, decision 
explanation,repair prescription, and fault anticipationfunctionson newly fielded equipment 
and systems. 

System(s): Radar, Navigationalaids, Computers,Communications,Environmentalb. 

Systems. 
c. ApplicableTechnology: KBES, ML, FL, illB, and DAI. 

Architecture/Model: Model-based,Rule-based.d. 

Platformse. 

1. Hardware: Intel 80486basedIBM PC compatible,SUN, RISC workstations 
running UNIX(D) and/or DOS OperatingSystems. . 

Software: 

FunctionSpecific: IDEA from AI Squared,Inc., or CAIS froma) 
RoshIntelligent systems. 
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GeneralShell: G2, ART, KEE, Nexpert, LevelS, ADSb) 

f. Implementationtime (estimated): 75 weeksper knowledgebase. One knowledge 
baseper type of equipment. Total typesof equipmentestimatedat approximately70. 

Comments: Other applicationsg. 

CMl 
PRES 
illER 

2. 
:1-

4.3.10.2 CM2. 

a. Description: CM2 will perform fault interpretation,fault correction, decision 
explanation,repair prescriptionand fault anticipationfunctionson older fielded equipment 
and systems. 

System(s): Radar,Navigationalaids, Computers,Communications,Environmentalb. 
Systems. 

ApplicableTechnology: KBES, ANN, FL, IDB, and DAI.c. 

d. Architecture/Model: Model-based,Rule-based,BackPropagation. 

Platforms:e. 

1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX(Im)and/or DOS Operating Systems. 

2. Software: 

FunctionSpecific: IDEA from AI Squared,Inc. or CAIS froma) 
RoshIntelligent systems. 

b) GeneralShell: G2, ART, KEE, Nexpert, Level5, ADS. 

f. Implementationtime (estimated): 65 weeksper knowledgebase.One knowledge 
baseper type of equipment. Total types of equipmentestimatedat 100 or more. 
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Comments: Otherapplicationsg. 

1. 
2. 
3. 

CM2 
PRES 
illER 

4.3.10.3 Alarm Processing, 

a. Description: An alarm processing advisor will monitor alarms, perform low level 
processing and classification using ANS, and provide advice on diagnostics using KBES and 
FL. 

b. 
Systems. 

System(s): Radar, Navigational aids, Computers, Communications, Environmental 

Applicable Technology: KBES, ANN, ENS, FL, and GA. 

d. Architecture/Model: 
Qualitative Concepts),andGA. 

Rule-based, Back Propagation, ENS, FL (Imprecise! 

Platforms:e. 

1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX(Im)and/or DOS Operating Systems. 

Software: 

Function Specific: IDEA from AI Squared, Inc., or CAIS froma) 
Rosh Intelligent systems: 

b) General Shell: G2, ART, KEE, Nexpert, Level5, ADS, 
Knowledge Craft from Carnegie Group, Goldworks III from Gold Hill Inc., ANITA (1m)from 

CCG Associates, Inc. 

f. Implementationtime (estimated): 75 weeksafter all or mostof the alarmsare 
receivedat a centrallocation suchas the MCC or SMMC. 

Comments: Otherapplicationsg. 

77 

2. 



1. Auxiliary KBES Applications: 

a) APES 
b) MAP 
c) RES 

4.3.10.4 Monitoring. 

a. Description: Monitor will provide dataacquisition, processing,and interpretation 
identify unusualtrends, and alert technicians. 

System(s): Radar, Navigationalaids, Computers,Communications,Environmentalb. 
Systems. 

ApplicableTechnology: KBES, ANN, ENS, and FL.c. 

Architecture/Model: Rule-based.BackPropagation,Adaptive ResonanceTheoryd. 
(ART) 

Platforms:e. 

1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX(bD)and/or DOS Operating Systems. 

2. Software: 

FunctionSpecific: IDEA from AI Squared,Inc., or CAIS froma) 
RoshIntelligent systems. 

b) General Shell: G2, ART, KEE, Nexpert, Leve15, ADS, 
Knowledge Craft from Carnegie Group, Goldworks III from Gold Hill Inc., Artificial Neural 
Information-processing Techniques and Analysis (ANITA (1m»)from CCG Associates, Inc. 

f. Implementationtime (estimated): 65 weeksafter all key parametersof the 
equipmentare wired to be receivedat a centrallocation suchas the MCC or SMMC. 

Comments: Otherapplicationsg. 

IF 
FA 
EMS 

1. 
2.3. 
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4.3.10.5 Administrative Functions. 

a. Description: For administrativefunctions, ES will perform automaticmonitoring 
of various forms, makean automaticchecklistfor a techniciansite visit, schedule 
maintenanceactivities, and updatea PRFdatabase. 

b. 
Systems. 

System(s): Radar, Navigationalaids, Computers,Communications,Environmental 

ApplicableTechnology:KBES, Hypertext.c. 

d. Architecture/Model: Rule-based 

Platforms:e. 

4.3.10.6 Infom1ation Retrieval. 

a. Description: This ES will provide techniciansaccessto on-line maintenance 
documentation. Basedupona query, the ES will pinpoint the relevantportion of a 
manual(s). 

b. 
Systems. 

System(s): Radar,Navigationalaids, Computers,Communications,Environmental 

Applicable Technology: KB~, Hypertext, ANN, NLP, illB.c. 

d. Architecture/Model: Rule-based,Adaptive ResonanceTheory, BackPropagation. 

Platforms:e. 

1. Hardware: Intel 80486basedIBM PC compatible,SUN, RISC workstations 
running UNIX(Im) and/or DOS Operating Systems. 
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1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX(Im) and/or DOS Operating Systems. 

2. Software: General Shell: G2, ART, KEE, Nexpert, Level5, ADS, VP 
Expert, Microsoft Project, TimeLine. 

f Implementation time (estimated): 65 weeks per system. 

g. Comments: Five ESapplicationsare recommendedunderADMIN. Eachcan be 
developedseparately,or an integratedsystemcan be designed. 



Software: 

a) Function Specific: Search Express document imaging systems by 
Executive Technologies Inc. 

b) GeneralShell: G2, ART, Nexpert, Level5, ADS, ANITA(Im) 
from CCG Associates,Inc., Neural Works Professionalfrom NeuralWareInc. 

f. Implementation time (estimated): 75 weeks. 

g. Comments: Making expert maintenance manuals available on line and also 
intelligently retrieving them for diagnostic purposes is not a trivial task, but there is an 
expressed need for such material. 

4.3.10.7 Problem Resolution. 

a. Description: 
resolutions. 

This system will track maintenance problems, and their associated 

b. 
Systems. 

System(s): Radar,Navigationalaids, Computers,Communications,Environmental 

Applicable Technology:KBES, IDB, ANN, ENS, NLP, andDAI.c. 

d. Architecture/Model: Rule-based,Expert databases,BackPropagation,Adaptive 
ResonanceTheory (ART), NLP Query. 

Platforms:e. 

1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX(Im) and/or DOS Operating Systems. 

2. Software: GeneralShell: G2, ART, Nexpert, Level5, ADS, ANITA(Im)from 
CCG Associates,Inc., Neural Works Professionalfrom NeuralWareInc. 

f. Implementationtime (estimated): 78 weeks per equipment knowledge base. 

Comments:Otherapplicationsg. 

1. 
2. 
3. 

PRC 
PRES 
ENSHD 
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4.3.10.8 Certification. 

a. Description: The certification applicationwill certify equipmenteachtime it goes 
throughPM as well as throughCM. It will also interfacewith the PRS to obtainhistorical 
information on equipmentand/or systems. 

b. 
Systems. 

System(s): Radar,Navigationalaids, Computers,Communications,Environmental 

Applicable Technology: KBES, ANN, ENS, and DAIc. 

Architecture/Model: Rule-basedwith explanation,BackPropagation.d. 

Platforms:e. 

b. 
Systems 

System(s): Radar,Navigationalaids, Computers,Communications,Environmental 

Applicable Technology: KBES, ANN, ENS, ML, Hypenext, and NLP.c. 

d. Architecture/Model: Rule-based,Model-based,ART, BackPropagation,Example 
BasedLearning. 

Platforms:e. 

1. Hardware: Intel 80486basedIBM PC compatible,SUN, RISC workstations 
running UNIX(bD)and/orDOS OperatingSystems. 
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1. Hardware: Intel 80486 based IBM PC compatible. SUN, RISC workstations 
running UNIX and/or DOS OperatingSystems. 

2. Software: General Shell: G2, ART, Nexpert, Level5, ADS, Goldworks ill, 
ANITA (lID)ART from CCG Associates, Inc. 

f. Implementationtime (estimated): 52 weeks. 

g. Comments: This is a future application. Its implementation may require 
interfacing with the MCC and making decisions in a real-time environment. 

4.3.10.9 Training. 

a. Description: An Intelligent Adaptive Trainer will be used for training. It will have 
explanation and hypothetical reasoning capabilities. 



2. Software: General Shell: G2, ART, Nexpert, Level5, ADS, Goldworks ill, 
ANITA (1m)ART from CCG Associates, Inc. 

f- 78 weeksper equipmenttraining.Implementation time (estimated): 

Comments: Otherapplications.g. 

1. ES-basedpreparatorycoursesfor Academytraining on a PC workstation 
platforms. 

2. Refreshertraining including fault conditionsimulationson a PC workstation 
platfonns. 

3. An intelligent tutoring systemusing ENS technology,and including learning 
and scenariomodelingtechniqueson a PC workstation. 

4.3.10.10 PM. 

a. Description: PM will provide monitoring of the equipment and the system and will 
anticipate failures. It will also interface with the PRS to obtain historical information on 
equipment and/or systems. 

b. 
Systems. 

System(s): Radar, Navigational aids, Computers, Communications, Environmental 

ApplicableTechnology: ENS and DAI.c 

d. Rule-based with explanation, Back Propagation 

Platforms:e. 

1. Hardware: Intel 80486 based IBM PC compatible, SUN, RISC workstations 
running UNIX (1m)and/or DOS Operating Systems. 

2. Software: 

FunctionSpecific: IDEA from AI Squared,Inc., or CAIS froma) 
RoshIntelligent systems; 

b) General Shell: G2, ART, Nexpert, Level5, ADS, Goldworks ill, 
ANITA (1m)ART from CCG Associates, Inc. 
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f. Implementation time (estimated): 52 weeks. 

g. Comments: This is a future application. Its implementationmay require 
interfacing with statisticalsoftwarepackages,sinceit will involve somekind of prediction 
for comparisonpurposes. 

4.4 RANKING OF AI APPLICATIONS. 

After the second and third steps of the process were completed (shown in figure 4-1), the 10 
principal applications were identified and ranked. The selection of an application is a critical 
task in the development of an AI system, therefore, a significant amount of effort should go 
into the selection process. To evaluate the potential of a possible application, a set of 
simplified criteria was developed. This criteria set was then applied to the applications 
identified. 

4.4.1 Ranking Criteria. 

Selection criteria for AI systems are based on the premise that an AI system should be 
considered only when development is possible, appropriate, and justified. The following 
criteria in each of these three areas are used for analyzing and ranking applications. 

Possible. An AI system is deemed possible if the following criteria are met:a. 

1. PI -The task requires the use of heuristics, not common sensereasoning. 

2. P2 -The taskdoesnot requireknowledgefrom a very large numberof areas. 

3 P3 -The task is well understood. 

4. P4 -There exists a genuine expert to work with the project. 

5. P5 -The expert will commit a substantial amount of time to the development of 
the system. 

b. 

6. P6 -Any requirementfor real-timeresponsewill not involve extensiveeffort. 
. 

Appropriate. An AI systemis deemedappropriateif the following criteria are met: 

Al -Conventional programming approachesto the task are not satisfactory. 

2. A2 -The task is sufficiently narrow and self-contained. 
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3. A3 -The domain is fairly stable. Expected changes are such that they utilize 
the strengths of AI systems. 

4. A4 -The effects of institutional development that will change the defInition of 
the task can be foreseen and taken into account. 

5. A5 -Managers have previouslyidentified the needto solve the problem that the 
systemattacks,and they supportthe systemdevelopment. 

6. A6 -Potential userswould welcomethe system. 

Justified. An AI system is deemedjustified if the following criteria are met:c, 

Jl -Expertise is not available on a continuing basis. 

2. J2 -The completed system is expected to have a significant, measurable payoff 
(e.g., an increase in productivity, reliability, and pert'ormance). 

3. J3 -The need for the task is projected to continue for several years. 

4.4.2 Ap;p;licationRanking. 

The selection of applications suitable to AI technology was accomplished through the 
application of the stated criteria to the potential applications identified. Ranking was initiated 
through the creation of matrices that compared each of the applications with the criteria 
developed for ranking the applications. Figures 4.4.2-1, 4.4.2-2, and 4.4.2-3 provide 
matrices that indicate the qualitative strength of each application. The symbols used to 
delineate each criterion are codes that are used in Section 4.4. 1. 

A numeric value was assigned to each criterion, and a value was assigned to each application 
for every criterion. Figure 4.4.2-4 shows the weights assigned to the criteria and the 
cumulative scores accrued by each application. The criteria depicting payoff, volume of 
transactions, scope of the task, expert availability, complexity of the task, and nature of the 
task were given the most weight. This figure clearly indicates the 10 application groupings 
to be implemented as an AI application. 

4.4.3 Ayylication Scoye. 

The fifth step of the process shown in figure 4-1 is the identification of applications ready for 
development. This sub-section identifies a segment of the CM application that is best suited 
for initial development. 
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The CM application is extensive. As originally described, the ES will handle problems for 
every aspect of the FAAs AF CM operations. However, it is unreasonable to implement the 
entire ES in a single stage. An approach that includes several implementation stagesis 
recommended. 

5. DEVELOPMENT ISSUESFOR KBES. 

CM2 has beenidentified as a potential ESapplication. This sectiondiscussesdevelopment 
issuesfor a diagnosticES. The purposeof this sectionis to developa feasible 
implementationplan for a diagnosticES. Generalimplementationissues,suchas knowledge 
representationand interfaces,are addressedfirst. Second,technologyissuesare examined, 
focusing on softwareandhardware. Finally, a plan for implementationis generated, 
including milestonesand estimatesof personnelandtime. 

5. 1 GENERAL ISSUES. 

To develop an implementation plan, hardware, software, and ES tools issues must be 
addressedfIrst. These issues focus on the knowledge to be captured and formalized in the 
system, the inferencing techniques that will manipulate the knowledge, and the interface 
between the ES and the user. 

5.1.1 Knowledge. 

Expertise in a task domain involves many different types of knowledge about that domain. 
The representation and reasoning facilities in an ES must be able to integrate knowledge into 
a coherent knowledge base that can effectively support the system's activities (see figure 
5.1.1-1). The CM2 ES contains most of these types ot-knowledge. All knowledge types 
cannot be represented in the same structure, therefore, the representation must be 

investigated. 

5.1.2 Knowledge ReI2resentation. 

An important part of ES implementation is the choice of knowledge representation 
techniques. There are two purposes of analyzing knowledge representation early in the 
development cycle. The fIrst purpose is to determine if the domain knowledge held by 
experts can be captured and formalized. The second purpose is to guide the seleotion of 
tools and techniques that have the proper capabilities. Figure 5.1.2-1 shows a variety of 
knowledge representation techniques that may be used in an ES. 

Most knowledgein the monitoringanddiagnosticareasmaybe generallycategorizedinto 
two basictypes: mentalmodelsand rules. 
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FIGURE 5.1.2-1. KNOWLEDGE REPRESENTATION 
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a. Mental models. Techniciansmaintaina mentalmodel of the equipment 
configuration, operatingsystems,software,andhardware. For example, eachpieceof 
hardwarecould be describedwith the following facts: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Name 
Number 
Location 
Operating Systems 
Software 
Data Communication Lines 
Interfaces 
Common Problems 
Repair Person 
Others 

b. Rules. Technicianshaveknowledgein the form of if-then rules. This knowledgeis 
usedin conjunctionwith the mentalmodelsto monitor, diagnose,debug,and repair the 

systems. 

The mental models and technician rules can be formalized, using the knowledge 
representation techniques of frames and rules. Both techniques can be easily applied to the 
knowledge of technicians. The rule to rule transformation is apparent. The mental models 
of the technicians may be represented in the form of a frame. The ASR-8, communication 
lines, hardware, software, and operating systemswill each have generic frame 
representations. The slots or attributes of each frame will uniquely describe the frame by 
holding information about particular objects. For example, the frame describing a 
communication line may be organized in this way: 

FRAME COMMUNICA nONS LINE 

A1TRIB UTES 

NUMBER: 116 
DFSTINATION: Honolulu 
LINE STATUS: up 
LINE USAGE: in-use 
HARDWARE USED: IBM 3083 
OPERATING SYSTEMSUSED: MYS, Guardian 
SOFTWAREUSED: X.25 
DATA FLOW DIRECTION: R 
DATA TYPE: 
LINE USAGE SCHEDULE: 
OTHER: 
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For this example, the frame type is a communications line that has 11 descriptive attributes. 
The values of these attributes uniquely describe line number 116, the X.25 line that receives 
data from Honolulu. 

The knowledge representation techniques described in this section can formalize and capture 
the knowledge of technicians. To use this knowledge, an ES must utilize and apply 
inferencing techniques to the knowledge. 

5.1.3 Inferencing. 

To produce valid conclusions, the CM2 system must employ the proper inferencing 
techniques. Two basic types of inference methods are used: goal driven and data driven. 
These two techniques may be used separately, or in conjunction with each other, a method 
called a hybrid approach. Figure 5.1.3-1 shows other inferencing techniques that can also be 
used. Goal driven, or backward chaining, inference mechanismsare applicable in situations 
in which one particular fact must be determined. For example, if the user wants to know if 
the system is functioning normally, he or she will process only those rules that conclude that 
the particular system is functioning normally. 

Data-driven, or forward chaining, inference mechanismsare used when data are present, and 
conclusions must be drawn. For example, when a sequenceof system messagesis present, 
the user will process rules that have satisfied condition statements. The application of these 
rules will allow the user to draw conclusions from the present sequenceof system messages. 

The hybrid approachwill probablybe necessaryfor the CM2 ES. Both goal driven and data 
driven inferencingtechniquesmay be used. However, further knowledge,engineering,and 
analysisare necessarybefore firm conclusionscan bedrawn. 

5.1.4 Intert'aces. 

In addition to knowledge representation techniques and inference mechanisms, a review of 
interface requirements is necessaryto plan implementation. Two types of interfaces are 
examined: the UI, and an interface between the ES and the system messagesfrom the system 
itself. 

a. ill. The ill is an importantaspectof any ES. Figure 5.1.4-1 showss~meof the 
capabilitiesoffered by ESills. 

Techniquessuchas NLP, graphics,touchscreens,icons, and menuscan be usedto createan 
efficient, user-friendlyinterface. However, for an initial implementation,extensiveills are 
not necessary. The ES will probably supporta combinationof menus,simple graphics, 
descriptiveicons, and low-level NLP. 



INFERENCING TECHNIQUESFIGURE 5.1.3-1 

b. System Message Interface. The ES is expected to monitor the system messages. 
This requires a special interface between the ES and the mainframe operating system. This 
interface can be divided into three parts: mainframe software, micro-to-mainframe 
communication, and workstation software. Each part of this interface will require special 

capabilities and efforts. 
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FIGURE 5.1.4-1. USER INTERFACE CAPABILITIES 
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5.2 TECHNOLOGY ISSUES. 

The technologyissuesinvolved in building an ES include, primarily, softwareand hardware 
choices. Now that the generalissuesof knowledge,inferencing, and interfaceshave been 
addressed,the actual hardwareand softwareare chosenthat will be usedfor implementation. 

5.2.1 Software. 

The software options for building an ES range from simple and flexible, to complex and 
unbending. Four basic types of software tools exist. Each of these will be discussed along 
with their advantages and disadvantages in the areas of knowledge representation, 
inferencing, and interfaces. 

5.2.1.1 Standard Programming Languages 

Standard programming languages, such as C, Pascal, C+ +, Lisp, and Prolog provide the 
most flexible means of building an ES. However, becauseof the ground up development 
that is necessary when using a programming language, the development time is greatly 
increased relative to other techniques. 

a. Knowledge Representation. A basic programming language gives the developer a 
full range of choices for knowledge representation. However, the programmer must know 
how to implement the knowledge structure using the selected programming language. 

b. Inferencing. Any inferencingmechanismcan be developed,but the programmer 
mustimplementit from scratch. 

c. Interfaces., 
can be usedin the ES 

A standard programming language does not restrict the interfaces that 

5.2.1.2 ES DeveloQment Environments <ESE). 

ESE, suchas ADS, ART, GoldWorks, Nexpen Object, LevelS, KEE, and MUSE, are 
powerful tools for ES applicationsdevelopment. Theseenvironmentshave beendesigned, 
from conceptthroughimplementation,to provide a comprehensivesetof capabilitiesto the 
ESdeveloper. . 

a. KnowledgeRepresentation.ESEknowledgerepresentationsare basedon the 
frame, and include rules, semanticnets,and other representationtechniques. Thesetools 
allow great flexibility for knowledgerepresentation,andprovide assistancewith knowledge 
organization. 
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b. Inferencing. ESE containseveralinferencing mechanisms,including forward 
chaining, backwardchaining, hybrid methods,nonmonotonicreasoning,and other 
techniques. Most environmentsallow for severalindependentinferencepathsto be followed 

simultaneously. 

c. Interfaces. ESEprovide a variety of tools for developinga ill. Most provide 
optionsfor using menus,graphics,icons, active images,and naturallanguage. External 
interfacesare possibleeither by integratingprogramswritten in other languages,or by 
embeddingthe ES in other applications. 

5.2.1.3 S~ia1ized Tools. 

CertainESscan be built from specializedtools. Specializedtools are highly structured 
systemsbuilt for a specific application. For instance,PICON is a specializedtool designed 
for developingprocesscontrol ESs. 

a. Knowledge Representation. Knowledge representation in specialized tools is 
limited to those techniques that are appropriate for the intended domain. Little flexibility 

exists for creating new or unique representations. 

b. Inferencing. Specializedtools containonly thoseinferencingtechniquesneededin 

the domain. 

c. Interfaces. Interfacesare restrictedto thoserequired by the application.

5.2.1.4 ES Shells. 

ESshellsare generic tools developedfor usewith generaltypesof problems. Shells may 
containonly one type of knowledgerepresentationor one type of inferencemechanism. 
Examplesof ES shellsare PersonalConsultantPlus, IntelligenceCompiler, andKES. 

a. Knowledge Representation. Most shells use rules as the basis of knowledge 
representation. Some shells have added frame-like structuring mechanisms. Shells do not 

have great flexibility for developing powerful knowledge representations. 

b. Inferencing. Shellsoffer a limited numberof inferencingmethods. Somemay 
offer only backward or forward chaining. Few allow for multiple inferencepaths. 

c. Interfaces. ills in shellsare usuallyrestrictedto either menusor text. Graphics, 
icons, and naturallanguageinterfacescanbe usedwith very few. Externalinterfacesare 
treatedas a function call from the shell. The amountof externalinformationthat can be 

imported by a shell is restricted. 
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5.2.2 Hardware 

As figure 5.2.2-1 indicates, hardware available for developing and running ESs falls into 
four general categories: 

Mini and mainframe computers can be used to run large ESs. Cost: over $20,000. 

b. Conventional workstations. such as Sun, Apollo, MicroVax, IBM RISC-6000, and 
AT, have the memory and speedto effectively run medium-sized applications. These range 
in price from $5,000 to $30.000. 

c. Dedicated AI machines, such as Symbolics, TI Explorer, and Xerox, are optimized 
to run Lisp programs, and can handle large applications. These range in price from $50,000 
to $100,000. 

d. PCs, including tBM PC/XT/AT. .+86AT. IBM PS/2. and Apple Macintosh. have 
been used for small applications, but by increasing memory and improving microprocessor 
speeds, these machines can be used tor medium-sized applications. These range in price 
tram $2,000 to $15,000. 

5.2.3 Technolog~ Selection 

Given the options, categories of hardware and software are selected. Hardware and software 
decisions are based on several factors. Contributing factors include the ES's scope, 
knowledge representation, knowledge interencing techniques, and interface requirements. 
The following two sections describe the hardware and software issues. and suggest categories 
of tools for implementation. 

).2.3.1 ComQuter Hardware, 

The tollowing issues and criteria contribute to the suggestion that a workstation or PC would 
best fulfill the ES hardware requirements: 

The computer should not restrict the choice or functionality of ES tools 

b The ES has the potential to be a real-time system, so processing speed is important. 

The computer must have the capability to interface with a mainframe. 

d. The computer must have a large memory becauseESs are memory intensive. 

A flexible VI must be provided 
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FIGURE 5.2.2-1. EXPERT SYSTEM HARDWARE 

f. Although the main purpose of the computer will be to support the ES, it should 
have multi-purpose capabilities. 

g. Costshouldbe as low as possible.

Based on an analysis of these requirements and the available hardware, workstations or PCs 
are deemed the best alternative for the pilot implementation. Workstations, especially Sun 
and Micro V AX, and microcomputers, such as IBM PS/2, 486 PC/ AT machines, RISC 6000, 
and the Apple Macintosh, are viable candidates for hosting the CM2 ES application. 

5.2.3.2 ES Software Tool Selection. 

To selecta classof tools for implementingthe ES, the requirements,in terms of knowledge 
representation,inferencingtechniques,andinterfacerequirements,are analyzed.'Figure 
5.2.3.2-1 showsmanyof the factors that mustbe considered. 

For the CM2 ~, the ~ tool attributesof interesthavealreadybeenstated. Knowledge 
representationcapabilitiesmustinclude both rules and frames. Interfacecapabilitiesmust 
include a menu,a text ill, and an externalinterfacethatcan accessthe CM2 system 
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messages. Hardware support must include microcomputers or workstations, and portability 
to minicomputers and mainframes would be an extra advantage. The developer's interface 
should include many of the features shown in figure 5.2.3.2-2. 

Based on these requirements, a survey and analysis of current ES tools was performed (see 
figure 5.2.3.2-3). The results suggesta set of implementation tools, including the following: 

a. 
b. 
c. 
d. 

ADS, AlON, Inc. 
ART, InferenceCorporation 
Goldworksll, Gold Hill Computers,Inc. 
KEE, IntelliCorp, Level5 Object, NexpertObject, Neuron Data 

5.2.3.2.1 S~ia1ized Tools. 

AI application development and deployment is facilitated by the appropriate choice of a 
development tool and platform. Sometimes the platform on which the application is 
developed is not the same as the one on which it is fielded. The following is a summary of 
some platforms and tools that have potential for AI applications for AF. 

Vendor: AI Squared,Inc. 
139 Bi11ericaRoad 
Chelmsford, MA 01824 
(508) 250-4000 

a. 

Product: Intelligent DiagnosticExpert Assistant(IDEA): 

a) IDEA is a PC-based software diagnostic tool-kit to assist technicians in 
identifying component failures in electro-mechanical devices. IDEA has a model-based 
architecture, i.e., the system is built so that it knows how each component behaves. 
Advantage of the model-based approach is that the resulting ES can solve problems it has 
never encountered before. The IDEA PC Development Environment guides developers 
through the process of creating and editing diagnostic applications. The IDEA PC delivery 
environment allows a technician to execute the developed applications. 

Information from the schematics and block diagrams is transferred to the system using 
D~CRIBE, a specially designed modelling language. An on-line debugger is included to 
help the developer test and correct problems within the initial model. An easy to-'use 
interface that stresseshigh resolution graphics guides the user through a diagnostic session. 
IDEA supports graphics files created with PCX standard format in either EGA or VGA 
resolution. This format allows a user to create graphics from paint and draw programs, as 
well as many desk top scannersand video digitizer programs. 
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FIGURE 5.2.3.2-3. CATEGORIESOF TOOLS AVAILABLE FOR 
BUILDING EXPERT SYSTEMS 

A technician executes an IDEA application by selecting problem class and symptoms. mEA 
requests measurementsor tests. When enough information has been collected, a diagnosis is 
invoked and a Diagnosis Status screen appears. Each field-replaceable item is displayed in 
the Pass or Fail window. The components in the Fail window become suspect candidates for 
the failure of the device. Measurements, tests and observations are requested until the 
number of potential candidates cannot be reduced further. Multiple points of failure are also 
detected during the diagnosis. The current version of mEA incorporates hypertext and 
comes with the Diagnostic Control Mechanism (DCM). DCM allows the developer to 
control the flow, direction and options available in a completed application. IDEA also 
comes with a Graphics Development Environment and an explanation facility. . 

For large systems,model-baseddiagnosticscan be a problemin that the systemhasto take 
into accountmanycomponentsthat could give rise to the observedsymptom. These 
possibilitiescanincreaseexponentially,and thus renderthe applicationtoo slow to use. 
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EmeraldIntelligence 
3915-A1 ResearchPark Drive 
Ann Arbor, MI 48108 
(313) 663-8757 

b. Vendor: 

1. Products: DiagnosticAdvisor, MahoganyHelp-Desk, and MahoganyExpert 
SystemDevelopmentTool. 

a) DiagnosticAdvisor. This tool is designedfor detectingand fixing 
faults on the manufacturingor processingplant floor rather than diagnosing 
electro-mechanicalequipment. 

b) Mahogany Help-Desk. This tool was designed to simplify the 
creation of problem solving Help-Desk applications for technical support. This tool creates 
trees. The tree is traversed from top to bottom by answering questions asked by the system. 
There does not seem to be a provision to enter symptoms and other information in order to 
zero in on the fault. In other words, for a given type of fault such as 'a printer problem' the 

system goes through a set of predefined questions in an order defined by one of the branches 
of the tree. The Mahogany Help-Desk system has the capability to build large systems very 

quickly. 

.c) The Mahogany Expert System Development Tool. Features of this 
tool include object-oriented and rule-based systems, multiple object inheritance, forward and 
backward chaining, explanation facilities, and external function interfaces. 

Vendor: Rosh Intelligent Systems 
One Needham Place 
50 CabotSt. 
Needham, MA 02194 
(617) 449-0049 

c. 

1. Products: This companyoffers three productsof interestfor maintenance 
applications. They are Knowledge-CAIS,Central-CArS,and Brief-CAIS. 

a) Knowledge-CAIS runs on a UNIX-based workstation. This allows 
product specialists to build knowledge bases. It has graphics editors from which.to enter 
block-diagram representations of a product's physical and functional structures. It has 
utilities for refming knowledge bases. Its modular knowledge acquisition structure allows 
several product specialists to work simultaneously. The Doc-CAIS document system 
automatically generates complete hard-copy documentation from product knowledge bases. 
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The resulting service manuals contain such information as troubleshooting trees, diagrams, 
lists of parts, tests, and symptoms. It also has a learning module that enables the ES to learn 
from diagnostic experience. This diagnostic experience can either be simulated in a 
controlled environment, or drawn directly from actual service calls. 

b) Central-CAIS is also run on a UNIX-based workstation. Its 
primary functions are collecting and distributing service history information, real-time 
monitoring of all current service activities, and interactive support of brief-CAIS sites. 
Central-CAIS can automatically distribute troubleshooting knowledge to Brief-CAIS at 
remote sites. It can electronically answer queries to its session history databaseand can 
deliver expert diagnostic guidance whenever and wherever needed. Currently part of the 
capabilities of Central-CAIS are present in the Tandem system via the MMS. If the Tandem 
system should be phased out, this system may be considered as its replacement as it provides 
additional services such as electronic documentation and paperwork automation. 

c) Brief-CAIS runs on IBM compatible PC laptops or desktops. 
Brief-CAIS provides the service engineer with expert diagnostic guidance, electronic 
documentation, automatic logging and reporting capabilities, as well as accessto the 
collective service history database. Brief-CAIS provides the service engineer with diagnostic 
expertise, as in the ADVISOR ES. The ES evaluates the symptoms and tests results, and 
recommends tests to be executed. After identifying the fault, it provides repair instructions 
to the service engineer. If the appropriate interface is provided on the equipment, 
Brief-CAIS can drive diagnostic routines through an RS-232 connection with the system 

under test. 

d. Vendor: Gold Hill Inc. 
26 LandsdowneStreet 
Cambridge, MA 02139 
(617)621-3300 

1. Product: Go1dWorks III 

a) GoldWorks III is a powerful ES tool for the development of 
advanced applications. It is a general purpose tool integrated with a Windows 3 interface. It 
has dynamic graphics, a graphics layout tool, a foreign function interface, device independent 
bitmaps, and dynamic data exchange. It is integrated with Golden Common Lisp and also 
has interfaces to dBase and Lotus 1-2-3. To assist rapid prototyping of an application, it has 
a browser, a rule editor, debugging tools, and tutorials. The object-oriented development is 
supported by frames, multiple inheritance, goal-directed forward chaining, and rule sets. In 
its inference engine there is provision for certainty factors, an explanation facility, 
dependency network agendasand rule priorities. The advantage of such a general purpose 
tool is that it is possible for the developer to incorporate his/her strategy into the program 
without being constrained by the limitations of special purpose tools. 
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Vendor: Carnegie Group 
Five PPG Place 
Pittsburgh, PA 15222 
(412) 642-6900 

e. 

1. Products: KnowledgeCraft, TestBench,and ServiceMaintenancePlanner 
(SMP). 

a) Knowledge Craft is an integrated knowledge representation and 
problem solving environment tor constructing robust ESs. 

b) TestBenchis advancedsoftware for developingand delivering a cost 
effective experttroubleshootingsystemfor field and customerservicesupport. 

c) SMP is a decision support system designed to resolve conflicts 
between service and maintenanceschedules. Carnegie group's Diagnostic Division develops 
systems that assist in diagnosing and repairing complex equipment to aid field service 
technicians, shop floor maintenancecrews, and technical assistanceoperators. 

f. Vendor: Gensym 
1801 Robert Fulton Drive 
Suite 400 
Reston, VA 22091 
(703) 758-3571 

1. Product: Gensym'sReal Time ES G2 

a) 02 allows the userto develop,test, and deployreal-time 
applicationsbetter, faster, andmore productively. 02 is an ES developmentand delivery 
environmentthat combinespowerful softwarefeaturessuchas real-timeexecution,and 
proceduralreasoning,dynamicsimulation, UI and databaseinterfacecapabilities. After an 
applicationis completed,02 maintainsan uninteffilpted watch over all datasources,looking 
for irregularities and taking measuresto correct potentialproblemsat their early stages. This 
capability to use expertknowledgeto directly monitor andcontrol dynamicallychanging 
variables, with thousandsof objectsand rules, distinguishesG2 from conventionalES tools. 
G2 Diagnostic Assistanthasbeenusedfor real-time fault diagnosis. The principle 
componentof G2 DiagnosticAssistantis a graphicallanguagefor diagnosticscalled GDL, 
which is usedfor representingdiagnosticknowledge. ODL containstools for common 
diagnosticproblems suchas malfunctiondetection,alarm fIltering, intelligent information 
display, and fault recovery. It incorporatesdiscretelogic, FL, andevidencecombination 
mechanismsduring the inferenceprocess. 
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The cost of these AI application development environments, when based on a workstation or 
PC, falls in the range of $2,000 to $20,000. 

Eachof thesetools meetsthe initial requirementsfor the CM2 ES. However, the final tool 
selectionshould not be madeuntil a more detailedanalysisof capabilitiesand requirementsis 

completed. 

5.3 IMPLEMENTATION PLAN. 

Now that specificcategoriesof hardwareand softwarehavebeenselected,and other general 
implementationissueshave beenaddressed,a plan for the implementationof an EScan be 

developed. 

This section presentsan implementation plan for an ES. Included in this plan are the three 
major phases of ES development, implementation milestones, personnel, and time estimates. 

5.3.1 DeveloDmentPhases. 

Before an ES is produced, knowledge is acquired from various sources, such as experts, 
books, log reports, or Standard Operating Procedures (SOP). The knowledge engineer 
proceeds through several stages. These stages may be characterized as requirements 
engineering, knowledge engineering, and knowledge managementand maintenance, as shown 
in figure 5.3.1-1. However, the process is not as neat and well-defmed as the figure 
suggests. These stagesare simply a rough characterization of the complex and ill-structured 
activity that takes place during knowledge acquisition. They will vary from one individual 
situation to another, and the acquisition process is not understood well enough to outline a 
standard sequenceof steps that will optimize the ES building process. Nevertheless, a 
significant body of experience has been gained by various groups designing knowledge bases 

for diverse domains. 

5.3.1.1 Phase1: R~uirements En!!ineering. 

Requirementsengineeringtypically consistsof threestages: 

a. Identification 
b. Conceptualization 
c. FormalizationStage 
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THREE MAJOR PHASESOF EXPERT SYSTEM DEVELOPMENTFIGURE 5.3.1-1 

Each stageis describedbelow: 

a. IdentificationStage. The first stepin acquiringknowledgefor an ES is to 
characterizethe most importantaspectsof the problem. This involves identifying the 
participants,problemcharacteristics,resources,and goals. The entire teamof knowledge 
engineersand domainexpensis involved. 

b. ConceptualizationStage. The key conceptsand relationships,alreadyidentified 
during the identification stage,are madeexplicit during the conceptualizationstage. The 
knowledgeengineermay find it useful to diagramtheseconceptsand relationshipsto cement 
the conceptualbasefor the prototypesystem. The teamof knowledgeengineersand domain 
expertsis involved. 

c. FormalizationStage. The formalizationprocessinvolves mappingthe key 
concepts,sub-problems,and information flow characteristicsisolatedduring 
conceptualizationinto a more formal representationbasedon various knowledgeengineering 
tools or frameworks. The knowledgeengineerplaysa more active role in this stage,telling 
the domain expertaboutthe existing tools, representations,and problemtypes that seemto 
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match the problem at hand. The output of this stage is a set of partial specifications 
describing how the problem can be represented within the chosen tool or framework. Most 
of the work and functions at this stage are performed by knowledge engineers. It is assumed 
that domain experts will be available continuously during this phase. 

5.3.1.2 Phase II: Knowledge Engineering. 

This phase consists of the following stages, and are described below: 

a. 
b. 
c. 
d. 
e. 
f. 

Knowledge Acquisition 
Rapid Prototyping (Proof of Concept) 
Production System Development 
Testing and Independent Verification and Validation 
Documentation 

Systems Integration 

a. Knowledge Acquisition Stage. This is the most time consuming process. 
Automatic knowledge acquisition techniques help the process. However, such techniques are 
rare. This stage involves acquiring knowledge using several methods including interview 
protocols, books, SOPs, and log books. The team of knowledge engineers and domain 
experts is heavily involved. 

b. Rapid Prototyping Stage. A small version of an ES is developed to demonstrate the 
overall feasibility of the proposed system. This stage establishes concepts for representing 
knowledge by describing the key concepts of the problem domain, the interrelationships with 
the problem domain, and the flow of information neededto describe the problem solving 
process (i.e., forward, backward, or hybrid chaining). This stage also provides the 
opportunity to make decisions regarding the appropriate hardware and software for the target 
application. Additionally, the formats used for knowledge representation are selected 
(semantic networks, production rules, frames, or logic techniques). To perform this task, 
knowledge engineers develop a representation of the key problem concepts of the system, any 
sub-problems, and required information flow tor the knowledge base given various 
knowledge engineering tools and shells. 

Major constraints, hardware and software requirements, documentation of the reasoning 
process, explanation information, and other modeling are finalized at this stage. After a 
prototype is up and running in an abbreviated form, it becomesthe model of the .planned 
complete ES. Some adjustments to the performance and capabilities are made at this point. 
Knowledge engineers perform most of the functions and tasks, and confer with the domain 

expert. 
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c. ProductionSystemDevelopmentStage. The great majority of knowledgeis added 
to the systemin this stage. Informationis addedin bulk following consultationwith the 
domainexperts. The ill is tailored and the system'sworking performanceis monitoredand 
comparedto the establishedbenchmarks. 

During this stage,the rules that embodythe domainexperts' knowledgeare refined by 
combiningand reorganizingthe knowledgecontainedin the knowledgebase. Not only is the 
knowledgebasedramaticallyexpanded,but the ills are carefully designed. Theseinterfaces 
include the actualill and the front end interface. The front end interfaceconcernsthe input, 
modification, and maintenancecapabilitiesof the systemitself. It is the way the information 
is enteredinto the system. The VI concernsthe methodsthe end userneedsto interact with 
the system. Theseinterfacesusuallyinclude sometype of menu-drivencontrol featuring help 
screens. This stageis generallycompletedby the knowledgeengineers. 

d. System Testing and Independent Verification and Validation Stage. The system 
must be tested in the user environment, again comparing its operation against established 
benchmarks, to modify and polish the system until it performs as desired. The UI, reasoning 
techniques, data structure, assignmentsand combinations of certainty factors, and the 
feasibility study of benchmarks are all fine-tuned at this point. The problem areas and 
software errors are also handled at this point. Any major modification suggestedduring this 
stage requires redoing of the prototype development, production system development, and 
system testing. The development-testing loop continues until the ES performs as expected, 
meeting the benchmarks. The knowledge engineers and programmers perform most of the 

predefined tasks and functions. 

This is one of the most difficult stagessince it involves testing, verification, and validation. 
It is difficult because system testing includes unit, stress, and functional testing of the 
developed software. This study assumesthat the tool and shell selected have gone through 
the system testing phase. An expensive ES environment tool is supposedto have been 
system tested. Verification and validation criteria for an ES have not yet been established. 
This is usually done using a number of domain experts and experienced users. 

e. Documentation Stage. The documentation stage involves preparing various 
documents needed by the end user. Usually this stage starts during the knowledge 
acquisition stage and continues through system integration. A team of knowledge engineers, 
a technical writer, and other support personnel are involved. . 

f. SystemIntegrationStage. This stageinvolves fielding the ES in a real-world user 
environment. This may involve porting the systemto different hardware,and it certainly 
shouldinclude training users,and helping themunderstandthe system. This is an important 
phasesince useracceptancecandictatesuccessor failure. The difficulties are organizational 
andpsychologicalratherthan technical. During this phase,the payoff of all briefings, 
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demonstrations, and organizational politics the project managerengaged in while the 
knowledge engineer worked at extracting and encoding the experts' knowledge, becomes 
evident. The user receives full training, support, and documentation during this stage. This 
stage requires the efforts of management, project team personnel, and the knowledge 

engmeers. 

5.3.1.3 PhaseIII: Knowled!!e Maintenance. 

This phase involves all the steps of the knowledge engineering phase, knowledge 
management, knowledge planning and evolution, final delivery of the product, and system 
maintenance. This is the final phase and is never complete; it continues as long as the 
system is used. The system must continually be revised and updated as necessary, against 
benchmarks that dictate new applications or performance improvements. The development 
team provides a document to the users containing the knowledge planning and knowledge 
managementinformation. During this phase, users get heavily involved with support from 

the developer team. 

5.3.2 Milestones. 

The three phasesof ES development have tour major milestones. Each milestone represents 
a major event during development. This section describes the milestones that are completed 

during the ES implementation. 

a. Milestone 1 -RequirementsEngineering. The first milestoneis a report containing 
the detailedanalysisof systemrequirements. This report includesspecificationsof system 
inputs, outputs,hardware,and software. The knowledgesourcesare identified, and 
schedulesfor interviewing expertsare arranged. Testplansare developedand testcasesare 

generated. 

b. Milestone2 -DemonstrationPrototype. The demonstrationprototypeis developed 
using rapid prototyping techniques. The prototypeis a proof-of-conceptsystem, which 
proves whetheror not the approachis viable. A small knowledgebaseis implementedto 
allow for the evaluationof the knowledgeengineeringand representationtechniques, 
inferencingmethods,andill. 

c. Milestone3 -Production System. The productionsystemis the final 
implementationof the ES. The production systemcontainsthe full knowledgebaSe,which 
coversall of the defined domaintasks. An interfacebetweenthe ES and the system 
messagesis developed. Systemtesting, IV&V, and documentationare also finished at this 

time. 

d. Milestone 4 -Knowledge Maintenance. After the production system has been 
developed and integrated, the ES must undergo a period of knowledge maintenance to ensure 
proper performance in the real-time environment. 
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5.3.3 Personnel and Time Estimates. 

This section suggests categories of personnel tor the CM2 application, and estimates the 
personnel requirements for each milestone in terms of man-weeks of effort. These estimates 
are based on the size and complexity of the knowledge domain, the projected difficulties of 
integration, the class of tools selected. and the delivery hardware. 

The following categories of development personnel are required for the development of the 
ES: 

a. 

b 
c. 
do 

e. 
t. 

Project Leader 
System Expert (SE) 
Senior Knowledge Engineer 

Knowledge Engineer 
Programmer 
Technical Writer 

following are detailedFigure 5.3.3-1 provides a schedule tor the implementation 
estimates of the effort required to meet each milestone: 

a Requirements EngineeringMilestone 
Weeks[-17 Man weeks 

( 17) 

2. 
3. 
4.5. 

6. 
'7 

3 
15 

Duration: 
Project Leader 
SE 
Sr. Knowledge Engineer 

Knowledge Engineer 
Programmer 
Technical Writer 

17 

17 
.., ... 

4 

b 

Man weeks 
(8) 

Milestone 2 -Demonstration Prototype (using Rapid Prototyping) 
Weeks 

1. Duration: 18-26 
2. Project Leader 
3. SE 8 
4. Sr. Knowledge Engineer 
5. Knowledge Engineer 
6. Programmer 

8 
4 
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Milestone 3 ProductionSystem 
Weeks 
27-60 

c. 

1.2. 

3. 
4. 
5. 
6. 
7 

Duration: 
Project Leader 
SE 
Sr. KnowledgeEngineer 
KnowledgeEngineer 
Programmer
TechnicalWriter 

16 

d. Milestone 4 -Knowledge Maintenance 
Weeks 
61-741. 

6. 

2.3.4.5. Duration: 
ProjectLead 
SE 
Sr. KnowledgeEngineer 
KnowledgeEngineer 
Programmer 

2 

Man weeks 

(34) 
5 

20 
34 
34 
13 

Man weeks 
(13) 
1 

8 
13 
8 

Thus, the development of a full production system is estimated to take 60 weeks; 13 weeks 
are necessary for knowledge maintenance and user training. 

6. DEVELOPMENT ISSUESFOR ANN SYSTEMS. 

We have identified two NN applicationsjust for alarm processingwithin AF maintenance. 
This sectiondiscussesthe NNs developmentissuesfor the alarm processingsystemcalled a 
PRC. A PRC NN systemtracksalarmsand their associatedresolutions. The purposeof this 
sectionis to developa feasibleimplementationplan for the system. First, general 
implementationissues,suchas knowledgerepresentation,classification,network architecture, 
and interfaces,are addressed.Second,technologyissuesare examined,focusing on software 
andhardware. Finally, an implementationplan is generated,including milestonesand time 
estimates. 

6.1 GENERAL ISSUES. 

To developan implementationplan, severalissuesthatwill affectthe choice of hardware, 
software, and NN tools mustbe addressed.Theseissuesfocus on the knowledgeto be 
capturedin the system,the classificationtechniquesthat will manipulatethe knowledge,and 
the interfacesbetweenthe NN and the user. 
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6.1.1 Knowledge. 

During the process of training, NNs acquire some knowledge about the problem. This 
knowledge is gained after several iterations of training. The knowledge gained by the 
network helps to make generalizations about the problem. 

6.1.2 Knowledge Re12resentationand Learning Laws. 

An important part of NN implementation is the choice of knowledge representation 
techniques, and the learning laws to be used. There are two purposes in analyzing 
knowledge representation early in the development cycle. The first purpose is to determine 
if the domain knowledge held by experts can be captured and reflected in the weight and 
connection patterns. The second purpose is to determine the selection of tools and techniques 
that have the proper capabilities. 

6.1.3 Interfaces. 

In addition to knowledge representation techniques and learning methods, a review of 
interface requirements is necessary in order to plan implementation. The ill is an important 
aspect of any NN. A good VI will allow the user to execute the network training, 
debugging, and learning in a smooth manner. 

6.2 TECHNOLOGY ISSUES. 

The technology issues for building an NN are primarily software and hardware choices. 
Given that the general issues of knowledge representation, classification, and interfaces have 
been addressed, the actual hardware and software that will be used for implementation are 
chosen. 

6.2.1 Software. 

The options for software from which to build an NN range from simple and flexible, to 
complex and unbending. Each of these categories will be discussed in terms of their 
advantagesand disadvantages in the areas of knowledge representation, classification, and 
interfaces. 

6.2.1.1 StandardProgrammingLanguages. 

Standardprogramminglanguages,suchas C, Pascal,C++, Lisp, and Prolog provide the 
mostflexible meansof building an NN. However,becauseof the ground up development 
thatis necessarywhen usinga programminglanguage,the developmenttime is greatly 
increasedrelative to other methods. 
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a. Knowledge Representation. A basic programming language gives the developer a 
full range of choices for knowledge representation and learning laws. However, the 
programmer must know how to implement the knowledge structure using the selected 

programming language. 

b. Classitication. Any classitication mechanism can be developed, but the 
programmer must implement it trom scratch. 

C. Interfaces 
be used in the NN. 

A standard programming language does not restrict intert-acesthat can 

6.2.1.2 Neural Network Develogment Environment (NNE). 

NNEs, such as Neuralware, Brainmaker, Axon, Nets, and Anita, are powerful tools for the 
NN developer. These environments have been designed. trom concept through 
implementation, to provide a comprehensive set of capabilities for the NN developer. 

a. Knowledge Representation. The knowledge and rules are contained not in the 
individual weights, but in the overall connection of weights and connections. By closely 
looking at the weight patterns, one can find out how the network makes its decisions. These 
environments offer a variety of ways to represent the network. 

b. Classification. Most of the developing environments do the classification of the 
data based on a certain learning law. The methods used are back propagation, 
counterpropagation, adaptive resonance, kohonen feature map, and other learning techniques. 
These methods employ supervised or unsupervised learning. 

c. Intertaces. NNEs provide a variety of tools for developing a Uf. Most provide 
options for using menus, graphics. icons. active images. and natural languages. External 
interfaces are possible either by integrating programs written in other languages. or 
embedding the NN in other applications. 

6.2.1.3 SgecializedTools. 

Certain NNs can be built from specialized tools 
systems built for a specific application. 

Specialized tools are highly structured 

a. Knowledge Representation. Knowledge representation in specialized tools is 
limited to those techniques that are appropriate for the intended domain. Little flexibility 
exists for creating new or unique representations. 
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b. Classification. Specializedtools containonly thoseclassificationtechniquesneeded 
in the domain. 

c. Interfaces. Interfaces are restricted to those required by the application type. 

6.2.2 Hardware. 

As figure 6.2.2-1 indicates, the hardware available for developing and running NNs falls into 
four general categories: 

Mini and mainframe computers can be used to run large NNs. The costis overa. 
$20,000. 

b. Conventional workstations, such as Sun, Apollo, MicroVax, and RISC-6000, have 
the memory and speed to effectively run medium-sized applications. These range in price 
from $5,000 to $30,000. 

c. Dedicated AI machines, such as Transputers, DADO, and Think machines, are 
optimized to run NN programs, and can handle large applications. These range in price 
from $10,000 to $100,000. 

d. PCs, including 486AT, IBM PS/2, and Apple Macintosh, have been used for small 
applications, but by increasing memory and improving microprocessor speeds, these 
machines can be used for medium-sized applications. These range in price from $3,000 to 
$15,000. 

6.2.3 Technolog~Selection. 

Hardware and software decisions are based on several factors, including the NN's scope, 
knowledge representation, classification techniques, and interface requirements. The 
following two sections describe the hardware and software issues, and suggestcategories of 
tools for implementation. 

6.2.3.1 ComI2uterHardware. 

The following issues and criteria contribute to our suggestion that a workstation or PC would 
best fulfill the NN hardware requirements: 

The computer should not restrict the choice or functionality of NN tools.a. 

b. The NN hasthe potentialto be a real-time system,so processingspeedis 
important. 
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FIGURE 6.2.2- NN HARDWARE 

c, The computer must have the capability to interface with the mainframe.

The computer must have a large memory capacity becauseNNs are memory d. 
intensive. 

e. A flexible UI must be possible.

f. Although the main purpose of the computer will be to support the NN, it should 
have multi-purpose capabilities. 

Costshouldbe as low as possible.g. 

Basedon an analysisof theserequirementsand availablehardware,workstationsor PCsare 
deemedthe bestalternative. Workstations,especiallySun, MicroVAX, RS6000,'DEC5000, 
and microcomputers,suchas IBM PS/2, 386, 486 PC/AT machines,and the Apple 
Macintosh,are viable candidatesfor hostingthe NN application. 
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6.2.3.2 NNs Software Tool Selection. 

In order to selecta classof NN tools for implementingthe NN, the requirementsof the NN, 
in terms of knowledgerepresentation,classificationtechniques,and interfacerequirements, 
are analyzed. 

Interface capabilities must include a menu and text UI, and an external interface. Hardware 
support must include microcomputers or workstations, and portability to minicomputers and 
mainframes would be an extra advantage. The developers' interface should include many of 

the features shown in figure 6.2.3.2-1. 

Using these requirements, a survey and analysis of current NN tools was performed. 
results suggesta set of implementation tools, including the following: 

a. 
b. 
c. 
d. 
e. 

Neuroshell, Ward Systems 
Brainmaker, California Scientific 
NeuralWorks, Neuroware 
NNT, Shareware 
ANITA nt, CCG Associates, Inc. 

The costof theseNN developmentenvironments,whenbasedon a workstationor PC, falls 

in the rangeof $500-$15,000. 

The final tool selection should not be made until a more detailed analysis of capabilities and 

requirements is completed. 

6.2.3.2.1 Soecialized Tools. 

The following is a summary of some tools that are good candidates for ANN applications for 

AF: 

g. Vendor: NeuralWare, Inc. 
Penn Center West, Building IV, Suite 227 
Pittsburgh, Pennsylvania 15276 
(412)787-8222 

Product: NeuralWorksProfessionalII/PLUS (NeuralWorks)

a) NeuralWorksis availableon variousplatforms suchas 80286, 
80386-387basedffiM PC compatibles,Intel i860 versions,Apple MacintoshUSE, SUN 
Sparc, SUN 4, or SUN 3 computers,ffiM RS/6000,VAX illtrix workstations,etc. 
NeuralWorks supportsvarious NN architecturessuchasbackpropagation, 
learning-vector-quantization,self organizationmaps,ART!, cascadecorrelation, etc. Th 
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FIGURE 6.2.3.2-1 NN SOFrW ARE 

120 



sottware allows users to build, train. refine and deploy NNs tor a variety of applications. It 
generates a FlashCode to be used in other technologies like ESs, It also has a feature called 
ExplainNet, a tacility that tells why a NN made a decision. as well as which intormation had 
the most effect on the NN output. It has a good graphical UI and a flexible architecture. 

Vendor: CCG Associates. Inc. 
8484 Georgia Ave. Suite 880 
Silver Spring MO, 20910 
(30 I )-587-6388 

.Product: ANITA '" 

a) ANITA is a tool built by CCG Associates. Inc. It has three training 
paradigms built into it; Back propagation. ART I, and ART II. It runs on IBM PC-
compatible computers. It has a built in plotting package that can display information about 
how well the training has gone. and how inferences were made about the test data. ANIT A 
has been successfully used in various t.lpplications such as Contract Laboratories Outliers 
Characteristics. Status Of Stocks (SOS). Financial Risk Analysis of Countries in the UN 

(RISK), etc. 

6.3 IMPLEMENTATION PLAN. 

6.3.1 DeveloQment Phases. 

There are four phases to be discussedin this section (see figure 6.3. -1) 

6.3.1.1 Phase I: Problem Selection. 

Initially they can beNNs can be tried in areas in which there are already software solutions 
used in areas in which speed of learning is not of vital importance. 

For any problem to be solved by the NN approach, a statistically valid input data set, that 
will be mapped later on, is needed. The existing software solution can be algorithmic, 
statistical, or an ES. The existing solution can be viewed as a black box that can be replaced 
by an NN, if it offers better performance. 

There are various reasons for choosing NNs rather than conventional methods. In certain 
cases, NNs are more accurate than conventional methods. Another important factor is the 
ability of the NN to train itself. For certain systems employing conventional methods, a 
minor change in the parameters of the system requires the system to be rewritten completely. 
However, if NNs are used, few changesare required. For example. in a vision system using 
NNs, if the data set is changed, only a few changes to the network are necessary; these are 
made interactively and do not require the use of a conventional programmer. NNs not only 
learn from human errors, but also its own past mistakes. 
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One important criterion usedin the selectionof an NN project is whetheror not it can 
increaseefficiency. Evena few percentagepointsof improvementin a big project are worth 
the effort. 

Efficient data access must be ensured before the start of a project. The method of data 
access must be specified in an elaborate manner. The location of data access must be made 
known to the proper authorities. The formats should be selected in such a manner that the 
NN can read the data from the database. 

Finally, one must ensure that the NN offers a significant amount of payback. All parameters 
contributing toward the cost must be thoroughly examined and justified. 

6.3.1.2 PhaseII: Selecting the Architecture and the Learnin~ Law. 

Following problem selection, the NN to be used must be selected. The two main 
components of any network are the learning law and the architecture. There are a number of 
NN architectures and learning laws described in the literature. Methods include back error 
propagation, counter-propagation, adaptive resonancetheory, madaline rule III, adaptive 
bidirectional associative memory, and Nestors's Reduced Columb energy. The back 
propagation method is the most successfully tested and popular method. The merits and 
demerits of other methods are not fully known or understood. 

The architecture of the NN depends on the learning law. After selecting the architecture, its 
efficiency can be improved by adding more processing elements. However, the 
disadvantage of this method is a reduction in the generalization ability of the NN. If 
additional processing elements are not added, then the network requires a long training time. 
There are two methods in use to prevent this problem. One is the use of a one pass learning 
system. The other is the use of Nestor's architecture that adds elements as it needsthem. 

There are some cases in which sufficient data are not available to train the NN. One of the 
ways to circumvent this problem is to add random noise of constrained value to the training 
data or the weights after the training. The noise values must be verified by domain experts. 

6.3.1.3 Phaseill: Protot~ing 

Prototyping is the most difficult stage of NN development. The attributes of the NN are 
established and subsequently coded. The data set could consist of analog values, .binary 
vectors, or a range of vectors. Range scalescould be linear or logarithmic in nature. 
Larger training setsare required for data sets that have large numbers of identifiable 
attributes. Data that are not useful in training should be filtered because irrelevant data can 
confuse the network. 
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For any NN to function well, a good NN preprocessor is an essential requirement. The 
network's perfonnance will definitely improve with better preprocessing. Almost all 

problems require some fonD of preprocessing. 

The only difficulty is in selecting the type of preprocessing needed for the problem. The 
type of preprocessing needed can be determined by the domain experts and through 
consideration of the conventional solutions for the problem. It is advantageous to preprocess 

the data numerically. 

After training, validationof the resultsis necessary.As a rule of thumb, use 10 percentof 
the availablecasesfor validation. 

6.3.1.4 PhaseIV: Deuloyment. 

The prototypeis fmally convertedinto a productin this phase. If the project plan is 
carefully devised,there will not be any problemsin the deploymentphase. Specialized 
hardwaremakesthe deploymentharder. Whena NN project is attemptedfor the first time. 
fancy hardwareimplementationshouldbe avoided. 

To minimize the problems in the deployment phase, one of the methods employed is to train 
the network off-line, and implement it in a programmable read only memory. This method 
is reliable and well known. On-line NN training should be done only after there has been 

enough experience with NN projects. 

A software-only NN project is much easier to deploy. Experience from past software 
implementation projects can be of great value. With the recent advances in software 
engineering, code generators can produce code from the specifications. In addition, there are 
object modules that can be called from other programs, receive data, and return results. 

The milestonesfor the NN project are shownin figure 6.3.1.4-1. 

7. RECOMMENDATIONS. 

This section contains the final conclusions and recommendations of the study. These 
recommendations constitute a concise summary of the items that have been discussed in detail 
in the previous sections of this report. The recommendations have been separatedinto 

short-term and long-term recommendations. 

7.1 SHORTTERM. 

The short term recommendations include those applications that are very important to FAA 
maintenance operations, and for which adequate technology is available to initiate the 

applications development immediately. 
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a. Problem ResolutionSystems. The applicationmostcritical to FAA operations, 
becauseof the loss of expertisedue to attrition, is to developa problem resolutionsystem. 
A PRF will consolidatenationwideexpertiseaboutvarious equipmentthat is maintainedby 
Airway Facilities (AF) technicians. The application, althoughtermed shortterm, is expected 
to havea long, useful life. 

b. CMl and CM2. The next applicationthat might be implementedin the near future 
is that of the CMl and CM2. This applicationis further divided into two applications: 

1. The CM1 applicationis for new equipment. There is very little expertise 
available on this equipmentin the field. A model-basedapproachto developmentis desired. 
This technologyhas not yet fully matured. Experiencegainedearly in the implementation 
phasewill play an importantpart in the developmentof a successfulin-houseapplication. 

2. The CM2 application is a traditional rule-based application. The technology 
has matured and will be useful for all equipment that has been fielded for a while, and about 
which sufficient expertise is available in the maintenance work force. These applications, 
too, will have a long useful life, though the first one is expected to evolve over time. 

c. Monitoring. Monitoring can also begin in the current hardware environment, and 
evolve to a centralized and more coherent application in the long term, with full 
implementation of the MCC concept. The monitoring application involves capturing the 
state of the system immediately prior to and during the fault conditions in the equipment. 
This is expected to assist the technicians in determining precisely what went wrong at the 
time of fault. The application is also expected to fIlter irrelevant data and decode relevant 
data into English-like phrases. It will use modem equipment such as Airport Surveillance 
Radar (ASR)-9 and Second Generation VORT AC in order to make better use of the available 
information. 

7.2 LONG TERM. 

Long term recommendations concern those applications for which either an appropriate setup 
is not available in the FAA, or the technology is not currently mature enough to handle the 
implementation of the application. The applications identified for long term development do 
not appear critical to present FAA operations. 

a. The Alarm Processing application would receive alarms at a central location such 
as the MCC, prioritize them, and process them in order of priority. This application would 
be best developed after Remote Maintenance Monitoring (RMM) is sufficiently implemented. 
The application consists, primarily, of hardware and firmware enhancementsrather than 
software implementations. 
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b. Certification is anotherapplicationthat is bestimplementedafter an adequate 
numberof facilities are RMMed. The certification programswould be run remotely from 
the MCC/work center,and the equipmentwould be certified. This would provide substantial 
convenienceto the operators. 

c. The Information Retrieval applicationinvolvespaperlessdocumentation.The 
current technologyof hypertextand documentimaging may not meetthe demandsof putting 
scoresof manualsfull of schematicsand picturesinto electronicmedia. Dependinguponthe 
diagnostics,Artificial Intelligence(AI) technologycan, however,pinpoint the exactlocations 
in the manuals. This applicationmay be pursuedon a piecemealbasis. 

d. The Training application concerns improvement in technician training. It is not 
intended to be a substitute for academy training and on-the-job-training, but to supplement 
them. This application would be better undertaken when the CMl or CM2 has been 

completed. 

e. For PM , this report does not recommend any AI technology at the present time. 
However, it is recommended that a system be developed that will anticipate fault conditions 
in the equipment. 

f. A framework for distributed maintenance basedon DAI technology should be 
developed to provide effective diagnostics. Distributed maintenanceemploys diverse 
knowledge basesinvolving one or more kinds of equipment through DAI, a global 
interpretation of fault conditions and data is possible. 
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APPENDIX A 

DOCUMENTS REVIEWED 

CTA INCORPORATED. (Preparedfor FAA ACD-350) (7/10/89). CostStud~ for Human 
Factors Programfor MaintenanceAutomationS~stem. 

CTA INCORPORATED. (Prepared for FAA ACD-350). (7/2/91). Final Monitor and 
Control Software (MCS) User Interface Reouirements Document and Desie:nModel. 

CTA INCORPORATED. (Appendix 1). (4/18/90). ITA of the System Engineer and 
Assistant System EnQ:ineerPosition. 

FAA Action Notice -ASM-l. (Not Dated). MaintenanceControl Center~rations Conce~t 
andIm~lementation. 

FAA. (Not Dated). The Electronics Technician in the FAA. 

FAA -DRAFf. (8/1/86). Maintenance Automation Pro~ram Master Plan. 

FAA NAS-MD-794. (3/15/86). Functionsand ~rational Reauirementsof the NAS 
MaintenanceControl Center. 

FAA Order 1100.124.(7/20/70). AT/AF Resoonsibilitiesat NAS Com12uter-eClui12~ 
ARTCCs. 

FAA Order ll00.127B. (9/23/81). Airway Facilities Sector Confi~uration Si~n Criteria for 
Militgry Systems. Egui12mentand Facilities. 

FAA Order 1380.40B.(Appendix 1) (1/17/86). Facilit~ T~s Contractionsand Definitions. 

FAA Order 6000.10. (6/3/82). Airwa~ Facilities Service Maintenance Proi!ram. 

FAA Order 6000. 15B. (8/15/91). General Maintenance Handbook for Airwa):: Facilities. 

FAA Order 6OOO.26A.(5/14/82). ReliabilitY and MaintainabilitY Policy. 

FAA Order 6OOO.27A.(1984 Update). Transmittal of Maintenance PhilosoQh~ Steering 

GrouQ CMPSG)Reoort. 

FAA Order 6000.30. (Appendix 1). (4/26/82). Airwa~ Facilities Service Polic~ for the 

Maintenance ProQ:ramof the 1980's. 



FAA Order 6000.30A. (1/5/87) Policy for Maintenance of the National Airs~ace System 

(NAS). 

FAA Order 6100. lB. (2/22/90) Maintenance of NAS En Route Stae:eA-Air Traffic Control 

S~stem. 

FAA Order 6310.19. (7/24/91). Maintenance of the Ai[12QrtSurveillance Radar-9 (ASR-9). 

FAA Order 6480.6B. (6/20/90). Maintenanceof Terminal Air-to-Ground (A-G) 
CommunicationFacilities. 

FAA Order 6820.7A. (10/5/88). Maintenanceof NavigationalAids Facilities and 
EguinmentVOR. VOR/DME. VORTAC. 

FAA Order 6850.5A. (5/6/81). Maintenance of Lighted NaviQ:ationalAids 

1/91). The National Plan for Aviation Human Factors.Federal Aviation Administration. I 
(Draft). Washington, DC: Author, 

Maintenance Automation Tiger Team (MATr). (4/12/89). End State MCC Questions and 
Answers from AnnaDolis. MD. 

MITRE Working PaperNo. WP-89WOOO73.(4/25/89), 
Center (MCC) Ooerational ConceDts. 

Evaluation of Maintenance Control 

MITRE Working PaperNo. WP-89WOO320.(12/8/88). Simulationof ~rations at a 
MaintenanceControl Center. 

Native American Consultants Inc. (Not Dated). Maintenance Management Sxstem (MMS) 
Phase 1 Instruction Manual for Re2:ional Office Users. 

Philips, Robert O. (9/89). Conce12tfor Maintenance of the National AirsDace S~stem. 
(Report No. WP-59-FA915-2). Cambridge, MA: Transportation System Center, Operations 
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APPENDIX B 

DOCUMENT SUMMARIES 

a. 
b. 
c. 
d. 
e. 

Identifies the NAS En Route Stage A Model 4 technical characteristics. 
Identifies the standardsand the tolerances. 
Describes the periodic maintenance activities that are required. 
Describes the system maintenance procedures. 
Describes the certification requirements. 

The Electronics Technician in the FAA (TETI) 

This document acquaints the incoming electronics technician with the history and 
organizational structure of the FAA. This document also explains the general duties and 
career opportunities for the electronics technician within the FAA. 

The National Plan for Aviation Human Factors Vol. T. 

Volume one is a draft document that presents an overview of the National Plan and a 
summary of the Technical Agenda. 

B-

Maintenance of NAS En Route Stage A- Air Traffic Control System -Feb. 22. 1990 

Provides guidance and prescribes technical standards, tolerances, and procedures that apply 
to the maintenance and inspection of the NAS En Route ATC System. 

Providesinformation on specialmethodsand techniquesthatwill enablethe technicianto 
achieveoptimumperformancefrom the equipment. 

Major changes in this document from the previous version consist of the following: 

a. Removalof the IBM 9020A and 9020D CentralComputerComplex (CCC) 
equipmentexceptfor the PeripheralAdapterModule (PAM), that was moved to the CCCH. 

b. Movementof the IBM 9020E tasksto the DisplayChannelComplex systemfrom 
the CCC. 

This documentdoesthe following: 



The airway facilities researchprojects in the plan are separatedinto four domains: 

a. Manpower, Personnel,andTraining (MP&T). 
b. OrganizationalDesignand Management(ODAM). 
c. MaintenanceAutomation(MA). 
d. Human Performance(HP). 

Within thesefour domainsare twelve researchprojects: 

a. Manpower requirementsfor AF maintenance. 
b. Selectionsystemfor AF maintenance. 
c. An integratedpersonnelsystemfor the AF work force. 
d. Integratedtraining systemfor AF personnel. 
e. Increasingorganizationaleffectiveness. 
f. Maintainer considerationsin the acquisitionof new systems. 
g. The human-machineinterfacein AF systems. 
h. Applications of Intelligent Systems(IS) in AF maintenance. 
i. Information transfer/operationalcommunicationsin AF maintenance. 
j. Developmentof a taskanalytic databasefor AF. 
k. Effectsof adverseenvironmentalconditionson AF maintenancejob performance. 
1. Control of errors in AF maintenancejob performance. 

ConceDt for Maintenance of the NAS 9/89 

This documentprovides a comprehensivedescriptionof the maintenanceconceptof the FAA 
NAS for: 

a. Air Traffic Control. 
b. Navigationand communicationfacilities and equipment. 

The NAS maintenance concept encompassesthe following three broad subject areas: 

a. Provision of servicesto users. 
b. Airway facilities organizationalissues. 
c. Resourcemanagement. 

The National Plan for Aviation HumanFactorsVol. II. 12/90 

Volume two of the National Plan for Aviation HumanFactorsis a detaileddescriptionof the 
technicalplan for humanfactors researchand development. 
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The plan is separated into five major aviation environments: 

a. Aircraft flightdeck. 
b. Air traffic control. 
c. Aircraft maintenance. 
d. Airway facilities maintenance. 
e. Flightdeck/ATC integration. 

Theseplans are separatedinto researchdomains,projects within eachdomain,and 
task-by-taskcomponentswithin eachproject. 

~ 
MMS is a computerized national system for managing the maintenance of the NAS facilities 
and equipment. The MMS contains information on facility inventory, equipment status and 
performance, and resources available for maintenance. MMS provides reports on facility 
operations in a region, reduces on-site time for technical inspections, assists in 
troubleshooting, and provides an inventory of facilities and equipment. This manual is for 
the training of FAA regional office personnel in the use of the Phase I MMS software. 

The main focus of the document is the following: 

a. How to useMMS to generatereports. 

1. How to retrieve information from MMS and produceprinted reports or 
computerterminal repons. 

b. 
c. 

How to enter data. 
How the data is used to support regional office operations. 

Job Task Ana1~sisof the NAS Qnerations ManaQ:er(NOM) Position 

This documentidentifies thirteenmajordutiesassignedto a NOM: 

a. 
b. 
c. 
d. 
e. 
f. 
g. 

Performing NAS systemconfiguration. 
Performing NAS systemrestoration. 
Certifying services. 
CoordinatingNAS systemsmaintenanceactivities. 
Examining NAS systemsintegrity. 
Analyzing NAS systemsavailability and reliability. 
SupportingNAS systemstesting. 
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h. Performing CFAD, CRAD, and DRAD shutdown startup activities

Directing aircraft accident/incident activity.

Implementing new NAS systems.

Analyzing administrative activities.


J. 
k. 
1. 
ffi. 

Administering personnel policy.

Conducting/receiving training.


Each of these duties is subdivided into tasks, subtasks, elements and sub-elements. 

Order 6310.19 Maintenance of the Aimort Surveillance Radar-9 (ASR-9) 

This handbook provides the technical standards, tolerances, and procedures for the 
maintenance and inspection of the ASR-9 system. It also provides information on special 
methods and techniques to be used by maintenance personnel to achieve optimum 
performance from the equipment. 

Order 6480.6B Maintenance of Terminal Air-to-Ground (A-G) Communications Facilities 

This handbook provides technical standards, tolerances, and procedures that apply to the 
maintenance and inspection of terminal air-to-ground communications facilities. As with 
other handbooks, this handbook also provides information on special methods and techniques 
that will help maintenance personnel to keep the equipment operating at an optimum level. 

Order 6820.7 A Maintenance of Navi~ational Aids Facilities and Egui12ment-VOR. 
VOR/DME. VORT AC 

This document provides technical tolerances and standards, procedures, and general guidance 
for the maintenance and inspection of the YHF OmniRange (YOR/DOPPLER VOR), 
Distance Measuring Equipment (DME), and Tactical Air Navigation system (TACAN) 
facilities and equipment. 

Functions and Q12erationalReGuirementsof the NAS Maintenance Control Center 
NAS-MD- 794 

This documentdescribesin depththe functionsand operationalrequirementsof the NAS 
maintenancecontrol center. 

The MCC conceptfocuseson the remotemonitoring andcontrol of facilities and equipment 
from a central location, at a nodeof the RemoteMaintenanceMonitoring System(RMMS) 
network. RMMS will provide the primary interface betweenthe MCC and the unstaffed 
facilities and equipmentto be monitored. The MCC will be equippedwith a variety of voice 
and datacommunicationsthatwill be linked to AF and AT. 
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Order 6000.15B General Maintenance Handbook for Airwa~ Facilities 

This handbookprovides the completemaintenanceproceduresand requirementsnecessaryfor 
the administrationand maintenanceof NAS facilities and equipment. 

This documentis separatedinto the following chapters: 

a. 
b. 
c. 
d. 
e. 
f. 

Generalinformation.

Administrative managementissues.

Generaltechnicalmaintenanceproceduresand criteria.

Field repair of equipment.

Serviceinterruption, restoration,andcertification.

Protectionof agencyproperty andpersonnel.


Order 6850.5A Maintenance of LiQhted NaviQational Aids 

This handbook provides the technician with guidance and prescribes technical standards and 
tolerances, and procedures for the maintenanceand inspection of lighted navigational aids 

systems. 
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APPENDIX C 

QUESTIONSFOR SITE VISITS 

Introduction 

1.2. 

3. 
4. 

Briefly describeyour job. 
What are your primary responsibilities? 
What are your secondaryresponsibilities? 
What kinds of systemsare you responsiblefor? 

II. RoutineMaintenance

1. Do you have stepby stepprocedures(Roadmaps)to perform routine maintenance? 
2. For eachtype of systemthat you maintainbriefly describethe routine maintenance 

procedure.
3. How muchdo you dependon the maintenancemanualsfor the procedures? 
4. What type of routine maintenanceis the mostfrequent? 
5. Briefly describethe diagnosticand test equipmentyou use. 
6. How muchof this test equipmentis specialized? 
7. Currently where are the maintenancetestsinitiated? 
8. Are the testscurrently conductedon-siteamenableto remotemaintenanceif the 

appropriatesystemis constructed? 
9. What maintenanceproceduresare difficult to perform? 
10. Why are theseproceduresdifficult to perform? 
11. Doesthe systemhaveself-diagnostics? 

III. Certification 

1.2. 

3. 
4. 
5. 

What type of equipment can you certify by performing built in diagnostics alone? 
What kind of equipment needs manual procedures before being certified? 
How often does equipment need to be certified? 
What kinds of problems are encountered in the process of certifying equipment? 
In your opinion, in what way can the certification procedure be simplified or 

improved? 

IV Alarm Processing

2. 
3. 

Briefly describe different types of alarms you receive. 
How are these alarms generated? 
Briefly describe the process of resolving an alarm. 

c 
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4. What is the total numberof different typesof alarms?

5. Do you haveto add to the list of alarms with the introductionof new typesof


equipment?
6. How manyalarmsdo you expectafter everythingis underRMM?

7. What typesof alarmsdo you get mostoften?

8. What constituteshigh priority alarms?

9. How do you respondto high priority alarms?

10. What is the averageresponsetime for restoringa facility so that conditions for high


priority alarmsno longerexist? 
11. What kind of alarmsare difficult to resolve?

12. Why are they difficult to resolve?

13. Do they occur frequentlycomparedto otheralarmsor are they very rare?

14. Do you get multiple alarms?

15. If yes, how do you deal with this situation?

16. Do you reconfigurethe systemin responseto an alarm?

17. Do you reconfigurethe systemin responseto other situations?

18. Briefly describethosesituations.

19. Who makesthe decisionto reconfigurethe system?

20. Are there guidelinesfor reconfiguringthe systemor is the reconfigurationdone


solelybasedon the judgementand experienceof the operator? 
21. How difficult is the processof optimally reconfiguringthe system?

22. How is maintenancescheduledin responseto alarms?

23. Is maintenancescheduledin responseto other situations?Give someexamples.


CM 

1. Describethe decisionmakingprocessinvolved in isolating a faulty LRU in a


system.
2. Whatpercentageof CM involves tuning of parameters(suchas frequency,


voltage)?
3. 	 Are theseprocedurespredominantlymanualrequiring specialcalibration


instrumentsor are theyperformedby executingcommandsfrom a console?

4. Is the information aboutwhatparametersneedto be tunedevidentfrom the alarms


alone? 
5. What otherindicationsor conditionsprompt you to suspectthat someparameters


maybe out of their normal safeoperatingrange?
6. What percentageof CM involves replacementof parts? ;

7. 	 To what level of systemassembly(e.g., systemlevel, modulelevel, box level,


LRU level, componentlevel) can you locatea fault basedon alarm information

alone? 

8. What problemsare mosttroublesome(intermittentfaults, analogtestcircuits, etc.)?

9. Why are they troublesome?

10. How often do you get multiple fault situations?

11. How do you deal with thesesituations?
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12. How manytimes do you haveto changeyour hypothesis? 
13. How doesyour accuracyof fault determinationimprove with experience? 
14. Have you ever had a situationin which you replaceda part and the replacement 

failed due to a previouslyunidentifiedfault? 

VI. Equipment 

1.2. 

3.4.5. 

Does modem equipment have better self-diagnostics?

Has self-diagnosis made the maintenance of the modem equipment easier?

Is the time needed to detect and fmd faults less than that for the older equipment?

Is the modem equipment more complex?

How would you feel if the maintenance manuals or the test procedures were made


available on a terminal?


vll. Administrative Functions 

1. How muchtime is currently spenttilling out maintenanceForm 6030? 
2. Do you do any additionalpaperwork? 
3. Do you keepmaintenancehistories for individual equipment? 
4. Do they include performancedataon key parameters? 
5. 	 Are the historiesof a particular type of equipmentconsolidatedto generatea report 

regardingcommonfailures or problemsfor that type of equipment? 
6. 	 Is the performancehistory of equipment(critical parameters)takeninto accountfor 

schedulingmaintenance? 
7. Who decidesthe schedulingof maintenancepersonnel? 
8. 	 How manytimes do personnelschedulingproblemsoccur when fewer technicians 

are availablethan needed? 
9. What are the factors that are takeninto considerationwhile deciding the schedules? 
10. How is the perceivedcomplexityof a problemmatchedwith the capabilitiesof a 

technician? 
11. What preparationdo you do before going to a site? 
12. Do you havea checklist? 
13. What documentationdo you use on site? 
14. Is the documentationreadily available? 

VIII. Training 

1.2. 

3. 

Do you think on-the-job training can contribute to your proficiency?

Do you feel a need to be trained to process alarms that occur rarely?

How do you keep your knowledge current about equipment that fails rarely?
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IX. Experts 

1. 
2. 
3. 
4. 

Are there recognized experts at the system level? 
How many experts are available for a particular system nationwide? 
Do the experts spend part of their time educating other technicians? 
How often do you get help from more experienced technicians? 

X. General 

1.2. 

3 

Are you required to make decisions under pressure? 
Can you identify areas in your job where some degree of automation or change in 
maintenance methods will assist you in your functions? 
What changes do you think can help you improve system performance? 
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APPENDIX D 

INTERVIEWS SUMMARY 

NOTE: This documentis a consolidatedsummaryof all the information gatheredduring the 
interviews that were conducted. The examplesand detailed information that were received 
from the interviews were all usedduring the analysisand advancedanalysisphasesof the 
study. More detailedtranscriptscan be suppliedto the FAA if requested. 

I. Introduction

The supervisors are in charge of maintaining systems in one or more specialty areas, such as 
environmental, navigational aids, computers, communications, or radars. They have several 
technicians reporting to them. The job of supervisors consists of administrative duties such 
as scheduling periodic maintenance (PM). The MMS repons provide a listing of equipment 
due for PM along with the acceptable window. The supervisors determine the availability of 
the technicians and equipment, and schedule maintenance. 

Maintenance scheduling: Supervisors may currently be spending up to 50 percent of their 
time in coordination activities. These activities may include: 

a. Daily assignmentof techniciansto variousjobs on equipmentlocatedat different 
sitesincluding remote ones. 

b, Annual vacationplanning. 

c. OJT planning. 

The technicians perform all PMs and look for signs that may indicate degradation of services 
in the near future. In some casesthe maintenance schedule is obtained from MMS; in other 
casesthe maintenance schedule is prepared by the technicians; and in some casesit is done 

by the supervisors. 

II. RoutineMaintenance 

1) Do you have step by step procedures (road maps) by which to perform routine 

maintenance? 

The FAA technicaldocumentsprovide stepby stepproceduresby which to perform routine 
maintenance. The technicaldocumentsconsistof maintenancehandbooksand technical 
instructions. ThesedocumentsmandatePM and certification intervals. They also specify 
allowabletolerancesfor key parameters. The TIs containschematicsof assembliesand 
subassembliesthat are useful in troubleshootingand parts replacement. 

D 



2) For each type of system that you maintain, briefly describe the routine maintenance 

procedure. 

Routine maintenance procedures comprise the following, depending on the type of system: 

Physical inspections -check for worn parts, corrosion, etc.a. 

b. 
appearance. 

Cleaning, lubrication -maintain equipment in good operating condition and 

c. Take readingsot"various key parameters. If anyparametersare found to be 
out of tolerance,tune them backinto tolerance. 

d. Run self-diagnosticson the system,if any exist. For example,CCH, DARC, 
CDC, ARTS IIA, ARTS lIlA, etc.. all have self-diagnostics. 

e. Perform a statuslight check. For example,error indicationstor the Paradyne 
modemare provided by statuslights on the control panel. 

3) How much do you depend on the maintenance manuals for the procedures? 

Most of the maintenance procedures are done by following the maintenancemanual. After 
considerable experience, the daily, weekly, and even the monthlYt PMs may be done without 
consultation of the TIs. The quarterly t semi-annual and annual PMs are, however, done by 
looking into the TIs since there is usually less familiarity with those procedures. 

With experience,the techniciansmaypreparesimplified "cribbage" sheetsthat help them to 
completethe maintenanceproceduresmore easily. 

4) What type of routine maintenanceis the mostfrequent? 

This question relates to the comparison of PM activities such as cleaning and lubrication, vs. 
running diagnostic tests and measuring key performance parameters, tuning parameters, etc. 
The answers varied depending on the type of equipment. 

5) Briefly describethe diagnosticand test equipmentyou use. 

The diagnostic and test equipment ranged from standard volt OHM meters (VOMs) and 
oscilloscopes,to more specializedtestequipment. 

How much of this test equipment is specialized?6) 
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Test equipment specialization depends on the type of system maintained. For example, new 
equipment such as the ASR-9 has a large number of specialized test equipment, whereas the 
CCCH does not have much specialized equipment even though it has a set of diagnostic tests. 
Localizers and glide slopes have some specialized equipment that is carried to sites by the 
technicians. 

7) Currently whereare the maintenancetestsinitiated?

The maintenancetestsare initiated at the site or from remotelocationssuchas workcenters 
or the MCC. At the currentstageof MCC implementation,a limited numberof diagnostic 
testscan be initiated from the MCC. The MCC receivesseveralalarms that are processed 
by clearing them or taking someother action suches dispatchinga technicianto the site. 

8) Are the tests currently conducted on-site amenable to remote maintenance if the 

appropriate system is constructed? 

Some equipment do not have automated self-diagnostic tests, including the long range radars, 
common digitizers, and glide slopes. For equipment like this, the question of how many 
tests can be initiated remotely is difficult to answer. The Localizer in Nashville has remote 
monitoring. It is not clear, however, what level of diagnostics can be performed remotely 
(for that matter, locally), without actually having to probe test points. In the case of 
equipment such as the CCCH, CDC, and the DARC, tests are initiated at the site. These 
facilities are in close proximity (same building) to the maintenanceconsole (MCC or 
SMMC). New designs are required to take remote test initiation into consideration. 

9) What maintenance procedures are difficult to perfonn?

10) Why are theseproceduresdifficult to perform? 

Thesequestionswere posedto identify the sourceof difficulties in performing some 
maintenanceprocedures. Maintenanceproceduresrequiringtwo peoplefor coordination, 
suchas flight inspections(for radar and navigationalaid facilities), are considereddifficult. 
Adjusting the power supplyvoltage in the CDC to achieveload balancingare also considered 
difficult becausethe settingis highly critical and unstable. Sometasksrequiring cleaning 
and lubrication are difficult becauseof the inaccessibilityof the equipment. Taskssuchas 
servicing overheaddisplayscreensare difficult becausetheyinvolve lifting of heavyweights. 

11) Does the systemhaveself-diagnostics? 

Somesystems,suchas the CCCH, CDC, DARC, ASR-9, ARTS IIA, ARTS lilA, and the 
ARSR-3 haveadequateself-diagnostics.SomePCSsand communicationequipment,suchas 
the Paradynes,havelimited self-diagnostics. 
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III. Certification 

The certificationproceduresreflect acknowledgementby a technicianthat the equipmentis 
functioning within presettolerancesand specifications. 

1) What type of equipmentcan you certify by performing built in diagnosticsalone?

Only the CCCH and similar typesof equipmentare certified by running diagnostictests 
alone. Certification of other equipmentofteninvolves PM procedures,readingof key 
performanceparameters,physical inspections,etc. 

2) What kinds of equipmentrequire manualproceduresbefore being certified?

Physical inspection procedures, such as checking of battery fluid levels and specific gravity 

for PCSs, are necessary prior to certification. 

3) How often does equipment need to be certified?

Typically equipmentJservice areis certified monthly. However, someequipmentJservices 
certified daily (every shift). The equipmentdefinitely mustbe certified when any CM is 
done which adjuststhe certification parameters,prior to placing equipmentbackon-line. 

4) What kinds of problemsare encounteredin the processof certifying equipment?

The certificationprocedurein the maintenancehandbooksis followed and no specific 
difficulties are experienced. 

5) In your opinion, in what way can the certification procedure be simplified or 

improved? 

This opinion question was asked in order to determine if there was any room tor 
improvement from the technician's perspective. The general consensuswas that there was no 
way to improve or simplify the certification procedure, unless it could be done remotely 

from either a workcenter or the MCC. 

IV. Alarm Processing 

There are severalobstaclesto designingan alarmprocessingapplicationin the current 
environment. The alarmsare not receivedat a single site but at various locationsdepending 
on the equipmentgeneratingthe alarms. Also an alarm mayindicatea possiblemalfunction 
in a pieceof equipmentwithout going into detailconcerningthe causeof thealarm. With 
the centralizationof alarms at the MCC, the RMMed equipmentwill allow more specific 
alarmsto be generated/transmitted of problemsituations,enablinga betterinitial assessment 
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leadingto improved prognosisand site visit preparation. The proposedAI alarm processing 
applicationwill haveadditional complexitydue to a variety of equipmentmodelsperforming 
the samefunction at different locations. For example,thereare a numberof vendors for the 
PCSs. ThesePCSswill generatedifferent alarms that will have different diagnostic 
information content. Alarm processingapplicationswill be of value, if they result in a 
reductionof reportableoutagesand/or down time of services. 

1) Briefly describe the different types of alarms you receive. 

There are four typesof alarms that are received. Theseare hard alarms, soft alarms, state 
changealarms, and intermittentalarms. Thesealarmsare receivedat different places. For 
example,the SMMC receivesalarms (lights) regardingabnom1alstatusin the CDC, DARC, 
Communications,etc. At the CCCH the alarmsare generatedon the consoleprintout, 
automaticreconfigurationtakesplace, and a core dumpis initiated. Severalalarms, suchas 
facility intrusion alarmsand abnormalfunctionalarms for the SecondGenerationVORTAC, 
are wired into the MCC. 

2) How are thesealarmsgenerated?

Alarms are generatedwhena facility's performanceparametersare out of acceptable 
operatingtolerances. 

3) Briefly describe the process of resolving an alarm.

The processof resolving alarmsis usuallysimplebecause,in mostcases,it requires 
reconfigurationof the system. In the caseof singlealarms, servicesare restoredvia 
alternateprovisions. In the caseof multiple alarms, the alarmsare resolvedin decreasing 
order of userimpact. Alarms concerningcritical facilities/servicesare resolvedfirst. 

4) What is the total number of different types of alarms?

The intention of this question was to extract categories of alarms from the technicians. No 
total number of alarms could be given, but the alarms are grouped into four categories, 
namely, hard, soft, state changes, and intermittent alarms. 

5) Do you have to add to the list of alarms with the introduction of new types of 
equipment? ; 

The alarms are generated at the equipment level and some high level information regarding 
the functional status is evident in the alarms. However, in general there is no fixed list of 
alarms to which additions would be made for each new type of equipment. 

6) How manyalarmsdo you expectafter everythingis underRMM?
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Many of the technicians felt that either there would be the same number of alarms or fewer 

alarms. 

7) What type of alarmsdo you get mostoften?

This question was posed to determine if, for a particular facility or a group of facilities, there 
are certain common problems. The technicians did not feel that they had any specific type of 
alarms that occurred more often than others. 

8) What constitutes high priority alarms?

Any alarms that indicatedisruptionin facility servicesare high priority alarms. Within these 
servicesthe criticality mayvary intrinsically or dependingon externalconditions suchas 
weather. AT and AF makethe decisionas to the priority/criticality of alarmsand services. 

9) How do you respond to high priority alarms?

The alarms/malfunctions can signal a reportable outage, which is a disruption in service for 
an interval greater than 59 seconds. For any facility, it is the goal to keep the unscheduled 
outages of any duration to an absolute minimum. In this sense, an immediate response to an 
alarm is to restore the service via an alternate route/channel and then schedule CM for the 

equipment causing the problems. 

lO) What is the average response time for restoring a facility so that conditions for high 

priority alarms no longer exist? 

The average response time for restoring a facility depends on the faults. For most redundant 
systems, reconfiguration (automatic or manual) restores the statusof services to 'normal'. 
The actual repair of equipment usually takes much longer. In the case of a remote facility, 
the outage condition may exist until a technician is dispatched to correct the situation. 

1) What kinds of alarmsare difficult to resolve? 

12) Why are they difficult to resolve? 

Intermittentalarmsare difficult to resolve. Thesetypesof alarmsare difficult to 'resolve 
becausethe condition thatcausesthe fault doesnot exist at debuggingtime and there is no 
way to point a finger at somethingdefinite. 

13) Do they occur frequentlycomparedto otheralarms, or are they very rare? 

Intermittentalanns are relatively rare. 
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14) Do you get multiple alarms? 

Occasionallymultiple alarmsare received. Frequently,thesealarmsare related. For 
example,a conditioncausingone alarm mayalso automaticallycauseanotheralarm. 

15) If yes, then how do you deal with this situation? 

Multiple alarmsare typically resolvedin perceivedorder of priority. 

16) Do you reconfigure the system in response to an alarm? 

Typically, you reconfigure the system in response to an alarm, but often this is done 
automatically. Sometimes a facility may need to be taken out of service, and a NOT AM is 
issued. 

17) Do you reconfigure the system in response to other situations? 

18) Briefly describethosesituations. 

Reconfigurationof one systemmay be done in order to schedulePMs on a different system 
or equipment. 

19) Who makes the decision to reconfigure the system? 

AT and AF make the decision to reconfigure the system. AT must be advised of all 
reconfigurations so that they are aware of any impact on their service. 

20) Are there guidelines for reconfiguring the system or is the reconfiguration done 
solely based on the judgement and experience of the operator? 

There are no firm guidelines for reconfiguring the systems. However, AT assessesthe 
relative importance of services under the operating conditions, and AF performs the 
reconfigurations accordingly. Reconfigurations are done on the basis of the judgement and 

experience of AT and AF. 

21) How difficult is the process of optimally reconfiguring the system? 

Reconfigurationtypically involves a small fraction of the equipmentin use. Most 
reconfigurationsconsistof making the backupfacilities primary. Neither the analytical nor 
the physicalprocessof reconfigurationis difficult. 
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22) How is maintenance scheduled in response to alarms? 

The alarms are received by the MCC specialist or the NOMs, or AT perceives a disruption 
in services. The fIrst person to receive the alarm will try to resolve it. If the alarm cannot 
be resolved, the appropriate unit supervisor is then contactedif the alarm is received during 
administrative hours. If the situation occurs after administrative hours, the MCC has a call 
back list of the technicians who can be contacted. 

23) Is maintenancescheduledin responseto other situations?Give someexamples. 

If, during normal inspections and PM, a technician notices any abnormal trends in the key 
performance parameters or other conditions that may result in disruption of service in the 
near future, he may request the facility to be taken out of service for an extended period 
during which he may perform extensive PM procedures. 

CM 

CM occurs in response to three types of situations, 

1) Malfunctioning equipment is causing a degradation/disruption of services.

2) Malfunctioning equipmenthas beentakenoff-line andhas beensubstitutedwith 
standbyequipment,thusproviding full services. 

3) The equipment performance is deteriorating and is expected to fail.

The fIrst caseis the mostcritical to the operationsof the FAA. 

Describethe decisionmaking processinvolved in isolating a faulty LRU in a1) 
system. 

An AT, MCC specialist, or NOM describes perceived problems to the extent possible. The 
alarm and some indicators on the equipment may provide additional clues as to the cause of 
the problem. A hypothesis is made regarding the cause of the problem. Additional tests are 
conducted to confirm the hypothesis or to narrow it down further in order to locate the fault 
at the LRU level. The sequenceof hypotheses and tests depends on the symptoms, 
equipment design, diagnostic tests design, and technician experience and understanding of the 

system. 
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What percentage of CM involves tuning of parameters (such as frequency,2) 
voltage)? 

The percentage of CM that involves tuning of parameters depends on the system. 
once tuned, the parameters are stable except in circuitry employing vacuum tubes. 
parameters is often required when some parts are replaced. 

Usually, 
Tuning of 

3) Are these procedures predominantly manual, requiring special calibration 
instruments, or are they performed by executing commands from a console? 

Someparameterscan be tuned from the console,suchas glide slopes,VORs, and localizers 
for which parametersare setfrom the terminal, either locally or remotely. Calibration 
proceduresare performed by usingvariousinstruments,either digital readoutor analog 
meters. Thesemeters may be standardor speciallydesignedfor the task. 

Is the information about what parameters need to be tuned evident from the alarms4) 
alone? 

Usually, the alarm condition does not get corrected by tuning some parameters alone. The 
parameters that need to be tuned are not necessarily evident from the alarms alone. In the 
Paradyne modems and the ASR-9, it is possible for some parameters, such as the signal to 
noise ratio the minimum discernible signal, to move outside their lower tolerance limits. 
These situations are not easily rectified just by tuning the parameters within the right range. 
The conditions that cause the key parameters to move out of tolerance need to be corrected. 

5) What other indications or conditions prompt you to suspect that some parameters 
may be out of their normal safe operating range? 

All of the equipment is kept in top condition through the performance of regular PMs. Some 
signs of performance degradation may be apparent during these rigorous PM procedures. 
Some indicator values may still be within operating tolerances, but the system may be 
providing a reduced quality of service, relative to optimum. 

6) What percentage of CM involves replacement of parts?

Most CM involves replacement of parts. It is desirable to keep both the equipment down 
time and repair cost low. This meansthe lowest level faulty part (assembly) must be 
identified and replaced/repaired. Some circuit cards are repaired at the site, but most are 
returned to the depot that has better facilities for efficient card repair. 
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7) To what level of systemassembly(e.g., systemlevel, modulelevel, box level, 
LRU level, componentlevel) can you locatea fault basedon alarm infonnation alone? 

Usually the alarm information is very general. Depending on the type of alarm information 
received faults can be located at all the levels of system assembly that are listed above. 
However, fault locations in areas other that those suggested by the alarms are difficult to 
detect because of the complex interconnections within the equipment. 

What problems are most troublesome? (intermittent faults, analog test circuits,8) 
etc.)? 

9) Why are they troublesome?

Intermittent faults are the most troublesome. For a fault to be located and repaired, it must 
be present (pennanent) so that symptoms can be traced back to the fault location. An 
intennittent fault makes this process extremely difficult and subject to a trial and error 

strategy. 

10) How often do you getmultiple fault situations?

It is not common to get multiple fault situations. Occasionally a fault in one area may 
manifest as a problem in several areas. 

1) How do you deal with these situations? 

These problems are best handled by trying to identify the most likely problem, repairing it! 
and determining if other problems still persist. 

12) How many times do you have to change your hypothesis? 

Formulating and changing hypothesesregarding exact location of faults is an integral part of 
the decision making process in fault diagnosis. Often the hypothesis is refined in that the 
fault location is narrowed down from multiple probable locations to one or two locations. 
Occasionally, additional evidence may suggestpursuing a different line of reasoning 
previously abandoned or unexplored. . 

13) How doesyour accuracyof fault determinationimprove with experience? 

With experience,the knowledgeandunderstandingof the equipmentgrows and so doesthe 
accuracyof fault determination. 

14) Have you ever hada situationin which you replaceda part andthe replacement 
failed due to a previouslyunidentifiedfault? 
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Situations in which a replacement part failed due to a previously unidentified fault are rare, 
but do occur. 

VI. Equipment 

1) Does modemequipmenthave betterself-diagnostics?

Usually, yes (e.g. ASR-9). All analogpanel metersare eliminated. The readoutsare 
presentedon the consoleor printer. Modern equipmenttendsto be more complex in that 
more functions are combinedin a single card, etc. The quality of the self-diagnostics 
provided dependson the individual equipment. Someare excellent,someare adequate,and 
someare inadequate. 

2) Has self-diagnosis made the maintenance of modem equipment easier?

The answer to this question also depends on the quality ot- the diagnostics. If the diagnostics 
are well designed, the task of trouble shooting is simplified. Otherwise the tests are not of 
great help. In general the diagnostics have not reached a level of sophistication that they can 
indicate faulty cards (or circuitry) with a sufficient level of confidence. 

3) Is the time neededto detect and find faults less than that for the older equipment?

The answer to this question depends on the equipment, and the level of circuitry at which the 
fault detection is sought. There is also less expertise for modem equipment causing more 
time to be spent in troubleshooting. 

4) Is the modemequipmentmore complex?

Yes, the modem equipment is more complex. 

5) How would you feel if the maintenance manuals or the test procedures were made 
available on a terminal? 

Many technicians felt that having the maintenance manuals on the terminal would be 
beneficial, especially through a system that would provide figures (such as schematics), rapid
skimming of pages, skipping pages, and rapid and easy updating. .. 

VII. Administrative Functions 

1) How much time is currently spent filling out maintenance Form 6030-1?
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The 6030-1 form is relatively simple. It providesspacefor descriptionsof the problem, 
symptom(s)observed,and action(s)taken. The entriesare datedand initialed by the 
responsibletechnician. The logs are preservedfor three years (yellow copy at site, white 
copy at the sectoroffice/sectorfield office). The logs move with the facilities. 

2) Do you do any additionalpaperwork?

There are other forms for noting valuesof the key performanceparametersperiodically as a 
part of the regular PM procedures. Thereis no additionalpaperworkapart from ordering 
requiredparts, updatingthe manuals,etc. 

3) Do you keep maintenancehistoriesfor individual equipment?

The form 6030-1 and MMS log entriesare kept for individual facilities. The MMS log 
entriesand6030-1 forms constitutethe historiesof the individual piecesof equipment.They 
are kept for a three year period after which theyare destroyedunlessrequired for a pending 
investigation. There is also dataregardingthe modificationstatusof the equipment. This is 
presentin the facility referencedatafile. 

4) Do they include performancedataon key parameters?

Performance data on key parameters are kept in the Technical Performance Records (TPRs). 

5) Are the historiesof a particular typeof equipmentconsolidatedto generatea report 
regardingcommonfailures or problemsfor that typeof equipment? 

The entries in the Fonn 6030-1 are not manuallyenteredand consolidatedto generate 
nationwidereports for a system. However, MMS failure reports can be consolidatedacross 
the nation for an equipmenttype if desired. 

6) Is the performance history of equipment (critical parameters) taken into account for 

the purpose of scheduling maintenance? 

PMs and certifications are scheduled according to their due dates within the allowed 
windows. Additional maintenance may be scheduled at the discretion of the technician in 
consultation with the supervisor. ; 

7) Who decidesthe schedulingof maintenancepersonnel?

This is primarily the unit supervisors' responsibility. It is done within the crew framework 
(wherever applicable) and in consultation with AT, whenever AT is affected. 
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8) How many times do personnel scheduling problems occur when fewer technicians 
are available than needed? 

Generally, this does not happen. The Crew concept allows for overlapping coverage. This 
ensures a period of time during which PMs requiring two people may be scheduled. The 
situation may be different in the future given a shortage of experienced technicians due to 
retirement, promotions, etc. 

9) What are the factors that are takeninto considerationwhile deciding the schedules?

Generally, minimum impact to the users, meeting the PM schedule deadlines, maintaining 
equivalent workloads across technicians, and experience/capabilities of the technician are the 
factors taken into account while deciding the schedules. 

10) How is the perceived complexity of the problem matched with the capabilities of a 
technician? 

Technicians with journeyman level training are expected to deal with any problems. In the 
rare case of persistent problems, help may be sought from the sector, region or national field 
support divisions. Technicians with less experience are given responsibilities gradually, 
whenever possible. 

11) What preparationdo you do beforegoing to a site? 

Before going on a site visit, technicians study the symptoms, visualize the problem, and 
develop a strategy by which to troubleshoot the problem. The technicians gather the required 
equipment and spare parts that may be helpful in repairing the equipment. 

12) Do you havea checklist? 

Usually not, but it would be nice to havea checklist. 

13) What documentation do you use on site? 

Apart from the technicalinstructions(TIs) that describethe PM proceduresand provide a 
functional descriptionof the equipment, thereare schematicsfor the equipmentthat are 
helpful in troubleshooting. Also usedare the facility referencedatafiles. 

14) Is the documentationreadily available? 

Documentation is well maintained and current for each site. 
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vm. Training 

1) Do you think on-the-jobtraining can contributeto your proficiency?

2) Do you feel a needto be trained to processalarms that occur rarely?

3) How do you keepyour knowledgecurrent aboutequipmentthat fails rarely?

The Academytraining is good and cannoteasilybe replacedby othertraining. However, 
thereare constraintssuchas low frequencyof training opportunitiesfor certain equipment, 
that make it difficult to scheduleall the people from a sectorto attenda course(therewould 
not be enoughpeopleremainingto cover the normal workload). There are also severalCBI 
coursesavailablevia hookupto the Academycomputer. The studentsneedto be authorized 
and registeredand are evaluatedon line. Most of thesecoursesare preacademycourses. It 
maybe desirableto producecourses/videoson proceduresthat are performed infrequentlyas 
well as problemsthat occurrarely. In a crew scenario,a technicianmay get to perform an 
annual PM once in five yearsor less. Also, with an awarenessof the problemsfaced 
elsewhereand their solutions,the technicianswill be motivatedto learn why and how the 
solutionswork and will be betterpreparedfor unforeseensituations. 
IX. Experts 

1) Are there recognizedexpertsat the systemlevel?

2) How many experts are available for a particular system nationwide?

National level expertsare availableat the nationalfield supportdivisions. 
at the FAA AeronauticalCenterand the FAA TechnicalCenter. 

They are located 

3) Do the experts spend part of their time educating other technicians?

There are no direct training efforts; however, there is communication between the incoming 
and outgoing technicians during shift changes. There is a written log of observed problems 
as well as a sequential account of remedial steps taken or attempted. Additional information 
that cannot be logged, practically speaking, may be conveyed orally. Past experiences and 

solutions for similar problems may be discussed. 

4) How often do you get help from more experiencedtechnicians?

The experiencelevels of the techniciansvary. Someare more experiencedand expert than 
others. However, everybodyhas adequateknowledgeandexperienceto perform any 
anticipatedtaskswithout supervisionor significantguidance. 
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General 

1) Are you required to make decisions under pressure?

Yes, especially when a technician cenifies or does CM on a piece of equipment that is going 
to be put back on-line. 

2) Can you identify areas in your job where some degree of automation or change in 
maintenance methods would assist you in your functions? 

3) What changes do you think can help you improve system performance?

Someareaswhere automationwould be helpful are: 

Load balancing in CDC power supplies

Hexadecimal decoding of CDC printouts

More Englishlike printouts (as in the case of SMMC outputs)

Vacuum tube circuit adjustments in the long range radar

Problem resolution file


D -15 

X. 



APPENDIX E 

ACRONYMS 

AC 
AF 
AI 
ALS 
ALSF 
ANIT A TM 

ANN 
APES 
ARSR 
ART 
ARTCC 
ARSR 
ARTS 
ASDE 
ASR 
ASRS 
AT 
ATC 
BUEC 
CBI 
CCCH 
CDC 
CERAP 
CM 
CMOS 
COTS 
DAI 
DARC 
DCM 
DME 
EHD 
EMS 
ENS 
ENN 
ES 
ESE 
FA 
FAA 

Alternating Current

Airway Facilities

Artificial Intelligence

Approach Lighting System

Approach Lighting System with Flasher

Artificial Neural Information-processing Iechniques and AnalysisTK

Artificial Neural Network

Alarm Processor Expert System

Air Route Surveillance Radar

Adaptive ResonanceTheory

Air Route Traffic Control Center

Air Route Surveillance Radar

Automated Radar Tracking System

Airport Surface Detection Equipment

Airport Surveillance Radar

Air Surveillance Radar Systems

Air Traffic

Air Traffic Control

BackUp Emergency Communications

Computer Based Instruction

Central Computer Complex Host

Computer Display Channel

CEnter Radar Approach

Corrective Maintenance

Complementary Metal Oxide Semiconductor

Commercial-Off- The-Shelf

Distributed Artificial Intelligence

Direct Access Radar Channel

Diagnostic Control Mechanism

Distance Measuring Equipment

Expert Help Desk

Expert Monitoring System ;


Expert Neural System

Expert Neural Networks


Expert System

Expert System Development Environments

Fault Anticipator

Federal Aviation Administration
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FL 
GA 
GL 
GMCC 
GNAS 
IDB 
IDEA 
IDER 
IF 
ILS 
IMCS 
VO 
IV&V 
KBES 
MAP 
MCC 
ML 
MMS 
MPSG 
MOS 
MPS 
MTBF 
MTrR 
NAS 
NA VICOMM 
NLP 
NN 
NNE 
NOM 
OJT 
PAR 
PCS 
PM 
PRC 
PRES 
PRF 
PVD 
RAD/COMM 
RCAG 
RCO 
RES 
RMM 
RMMS 

Fuzzy Logic

Genetic Algorithms

Genetic Algorithm Learning

GNAS Maintenance Control Center

General National Airspace System

Intelligent Database

Intelligent Diagnostic Expert Assistant

Intelligent Decoder for Equipment Readout

Intelligent Filter

Instrument Landing Systems

Interim Monitor and Control Software


Input/Output

Independent Verification and Validation


Knowledge-Based Expert Systems

Multiple Alarm Processor

Maintenance Control Center

Machine Learning

Maintenance Management System

Maintenance Philosophy Steering Group

Metal Oxide Semiconductor

Maintenance Processor Subsystem

Mean Time Between Failures

Mean Time To Repair

National Airspace System

Navigational/ Communications

Natural Language Processing

Neural Network

Neural Network Development Environments

NAS Operations Manager

On-The-Job Training

Precision Approach Radar Systems

Power Conditioning System

Periodic Maintenance

Problem Resolution Classifier

Problem Resolution Expert System

Problem Resolution File

Plan View Display

Radar/Communications

Remote Center Air/Ground

Remote Communications Outlets


Reconfigurer Expert System

Remote Maintenance Monitoring

Remote Maintenance Monitoring System
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RTR 
SFO 
SMMC 
SMP 
SOP 
n 
TrL 
ill 
VASI 
VHF 

Remote Transmitter/Receivers 
Sector Field Office 
System Maintenance Monitor Console 
Service Maintenance Planner 
Standard Operating Procedures 
Technical Instructions 
Transistor-Transistor-Logic 
User Interface 
Visual Approach Slope Indicator 

Very High Frequency 
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